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(54) Speaker system, mobile terminal device, and electronic device 



(57) A speaker system includes a display panel for 
displaying an image; a transparent panel provided such 
that the image displayed in the display panel is viewed 
through the transparent panel; an electric-mechanical- 
acoustic-transducer having a diaphragm for outputting 
a sound by vibrating the diaphragm in accordance with 
an electric signal; and an acoustic signal transfer mem- 



ber for transferring the sound output from the electric- 
mechanical-acoustic-transducer to a space provided 
between the display panel and the transparent panel. 
The transparent panel is allowed to be vibrated by the 
sound transferred to the space from the electric-me- 
chanical-acoustic-transducer via the acoustic signal 
transfer member. 
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Description 

BACKGROUND OF THE INVENTION 

1 . FIELD OF THE INVENTION: 

[0001] The present invention relates to a speaker sys- 
tem, and a nnobileternninal device and an electronic de- 
vice including the speaker system. 

2. DESCRIPTION OF THE RELATED ART: 

[0002] With reference to Figure 27, a conventional 
cellular telephone 15 will be described. Japanese Laid- 
Open Publication No. 8-275293 discloses a speaker 
system for vibrating a housing of a cellular phone by a 
driver directly attached to the housing so as to output a 
vibration or sound. 

[0003] The cellular phone 15 includes a housing 10, 
an antenna 11, a sound board 12 which is thinner in a 
rear peripheral portion than the rest thereof, a driver 13 
provided on a rear surface of the sound board 12, and 
a character display panel 1 4 provided on a front surface 
of the housing 10 adjacent to the sound board 12. 
[0004] An operation of the cellular phone 15 will be 
described. When an electric signal is applied to the driv- 
er 13, the vibration of the driver 13 is directly transferred 
to the sound board 12 provided in the housing 10. Then, 
the sound board 12 is vibrated so as to generate a 
sound. The sound board 12 is thinner in the rear periph- 
eral portion than the rest thereof, so as to be easily vi- 
brated. 

[0005] The cellular phone 15 having such a structure 
has the following problem. Due to the sound board 12, 
the planar size of the character display panel 1 4 for dis- 
playing a phone number or the like is inevitably provided 
in a small, limited space below the sound board 12. Ac- 
cordingly, it is conventionally difficult to enlarge the dis- 
play panel 14 for more conveniently displaying, for ex- 
ample, characters of e-mails or images received 
through the Internet. 

[0006] A conventional electronic device or a mobile 
terminal device including the above-described speaker 
system has the following problem. In these devices, a 
display panel and a speaker are located separately. 
Therefore, the position where the image is displayed is 
different from the position from which the sound is out- 
put. This gives the user a sense of unnaturalness. For 
example, when the electronic device or the mobile ter- 
minal device is used as a video telephone, the user has 
a sense of unnaturalness since the position of the image 
representing the person on the other end is different 
from the position from which his/her voice is output. It is 
more natural and desirable that the position where the 
image is displayed to the user is the same as the position 
from which the sound is output to the user. 



SUIVIMARY OF THE INVENTION 

[0007] According to one aspect of the invention, a 
speaker system includes a display panel for displaying 

5 an image; a transparent panel provided such that the 
image displayed in the display panel is viewed through 
the transparent panel; an electric-mechanical-acoustic- 
transducer having a diaphragm for outputting a sound 
by vibrating the diaphragm in accordance with an elec- 

10 trie signal; and an acoustic signal transfer member for 
transferring the sound output from the electric-mechan- 
ical-acoustic-transducer to a space provided between 
the display panel and the transparent panel. The trans- 
parent panel is allowed to be vibrated by the sound 

15 transferred to the space from the electric-mechanical- 
acoustic-transducer via the acoustic signal transfer 
member. 

[0008] In one embodiment of the invention, the acous- 
tic signal transfer member is a housing for supporting 

20 the transparent panel. The housing has a sound hole. 
The sound is transferred to the space viathe sound hole. 
[0009] In one embodiment of the invention, the speak- 
er system further includes an elastic member for sup- 
porting a peripheral portion of the transparent panel. 

25 [001 0] In one embodiment of the invention , the acous- 
tic signal transfer member is an acoustic pipe. 
[0011] In one embodiment of the invention, a thick- 
ness of a peripheral portion of the transparent panel is 
smaller than a thickness of a central portion of the trans- 

30 parent panel. 

[0012] In one embodiment of the invention, the trans- 
parent panel is a film. 

[0013] In one embodiment of the invention, the elec- 
tric-mechanical-acoustic-transducer includes a me- 
ss chanical vibration section for generating a mechanical 
vibration. 

[0014] In one embodiment of the invention, the speak- 
er system includes at least one more electric-mechani- 
cal-acoustic-transducer; and at least one more acoustic 
40 signal transfer member. The electric-mechanical- 
acoustic-transducers each include a diaphragm and 
each output a sound by vibrating the diaphragm in ac- 
cordance with an electric signal. The acoustic signal 
transfer members each transfer the sound output from 
45 the respective electric-mechanioal-acoustic-transducer 
to the space. The acoustic signal transfer members are 
connected to the space at different positions. 
[0015] In one embodiment of the invention, the acous- 
tic signal transfer member has a sound hole for trans- 
it? ferring the sound, The sound hole extends in a direction 
parallel to a direction in which the display panel extends. 
[0016] In one embodiment of the invention, the elec- 
tric-mechanical-acoustic-transducer includes a housing 
for surrounding the diaphragm. The housing has an 
55 opening extending in a direction vertical to a direction in 
which the diaphragm vibrates. The opening is in con- 
nection with the acoustic signal transfer member. 
[0017] According to another aspect of the invention. 



2 



3 



EP 1 271 998 A2 



4 



a mobile terminal device includes a speaker system; 
and a housing for supporting the speaker system. The 
speaker system Includes a display panel for displaying 
an image; a transparent panel provided such that the 
Image displayed in the display panel is viewed through 
the transparent panel; an electric-mechanical-acoustic- 
transducer having a diaphragm for outputting a sound 
by vibrating the diaphragm in accordance with an elec- 
tric signal; and an acoustic signal transfer member for 
transferring the sound output from the electric-mechan- 
ical-acoustic-transducer to a space provided between 
the display panel and the transparent panel , wherein the 
transparent panel is allowed to be vibrated by the sound 
transferred to the space from the electric-mechanical- 
acoustic-transducer via the acoustic signal transfer 
member. The mobile terminal device further includes an 
antenna for receiving a wireless signal; and a signal out- 
put section for outputting an electric signal to the elec- 
tric-mechanical-acoustic-transducer based on the wire- 
less signal received by the antenna. The electric signal 
represents at least one of a received sound, a call arrival 
sound, music and voice. 

[0018] In one embodiment of the invention, when the 
electric signal represents the received sound, the trans- 
parent panel acts as a receiver. 
[0019] In one embodiment of the invention, when the 
electric signal represents one of the call arrival sound, 
the music and the voice, the transparent panel acts as 
a loudspeaker. 

[0020] In one embodiment of the invention, the elec- 
tric-mechanical-acoustic-transducer includes one more 
diaphragm. The housing has a sound hole. One of the 
diaphragms is provided so as to face the acoustic signal 
transfer member, and the other diaphragm is provided 
so as to face the sound hole. 

[0021] According to still another aspect of the inven- 
tion, an electronic device includes a speaker system; 
and a housing for supporting the speaker system. The 
speaker system includes a display panel for displaying 
an image; a transparent panel provided such that the 
image displayed In the display panel is viewed through 
the transparent panel; an electric-mechanical-acoustic- 
transducer having a diaphragm for outputting a sound 
by vibrating the diaphragm in accordance with an elec- 
tric signal; and an acoustic signal transfer member for 
transferring the sound output from the electric-mechan- 
ical-acoustic-transducer to a space provided between 
the display panel and the transparent panel , wherein the 
transparent panel Is allowed to be vibrated by the sound 
transferred to the space from the electric-mechanical- 
acoustic-transducer via the acoustic signal transfer 
member. 

[0022] In one embodiment of the invention, the elec- 
tronic device further includes a control section for con- 
trolling an operation of the electronic device. The trans- 
parent panel also acts as a touch panel for detecting a 
contact of a contact member with a position of the trans- 
parent panel corresponding to an operation menu icon 



displayed in the display panel. The control section caus- 
es the electronic device to operate in accordance with 
the operation menu icon corresponding to the position 
of the transparent panel which is in contact with the con- 

5 tact member. 

[0023] In one embodiment of the invention, the touch 
panel is one of an electrostatic system touch panel, an 
optical system touch panel, an electromagnetic system 
touch panel, and an ultrasonic system touch panel. 

10 [0024] According to still another aspect of the inven- 
tion, a speaker system includes a display panel for dis- 
playing an image; a transparent panel provided such 
that the image displayed in the display panel is viewed 
through the transparent panel; a substrate provided be- 

15 tween the display panel and the transparent panel such 
that the image is viewed through the substrate; an elec- 
tric-mechanical-acoustlc-transducer having a dia- 
phragm for outputting a sound by vibrating the dia- 
phragm in accordance with an electric signal; and an 

20 acoustic signal transfer member for transferring the 
sound output from the electric-mechanical -acoustic- 
transducer to a space provided between the transparent 
panel and the substrate. The transparent panel is al- 
lowed to be vibrated by the sound transferred to the 

25 space from the electric-mechanical-acoustic-transduc- 
er via the acoustic signal transfer member. 
[0025] In one embodiment of the invention, the sub- 
strate has a sound hole. The substrate acts as the 
acoustic signal transfer member. 

30 [0026] In one embodiment of the invention, the space 
is provided among a spacer, for connecting a peripheral 
portion of the transparent panel and a peripheral portion 
of the substrate, the transparent panel and the sub- 
strate. 

35 [0027] In one embodiment of the invention, the trans- 
parent panel is a film. 

[0028] In one embodiment of the invention, the acous- 
tic signal transfer member is an acoustic pipe. 
[0029] In one embodiment of the invention, the speak- 

40 er system includes at least one more electric-mechani- 
cal-acoustic-transducer; and at least one more acoustic 
signal transfer member. The electric-mechanical- 
acoustic-transducers each include a diaphragm and 
each output a sound by vibrating the diaphragm in ac- 

45 cordance with an electric signal. The acoustic signal 
transfer members each transfer the sound output from 
the respective electric-mechanical-acoustic-transducer 
to the space. The acoustic signal transfer members are 
connected to the space at different positions. 

50 [0030] According to still another aspect of the inven- 
tion, a mobile terminal device includes a speaker sys- 
tem; and a housing for supporting the speaker system. 
The speaker system includes a display panel for dis- 
playing an image; a transparent panel provided such 

55 that the image displayed in the display panel is viewed 
through the transparent panel; a substrate provided be- 
tween the display panel and the transparent panel such 
that the image is viewed through the substrate; an elec- 
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tric-mechanical-acoustic-transducer having a dia- 
phragm for outputting a sound by vibrating the dia- 
phragm in accordance with an electric signal; and an 
acoustic signal transfer member for transferring the 
sound output from the electric-mechanical-acoustic- 
transducer to a space provided between the transparent 
panel and the substrate, wherein the transparent panel 
is allowed to be vibrated by the sound transferred to the, 
space from the electric-mechanical-acoustic-transduc- 
er via the acoustic signal transfer member. The mobile 
terminal device further includes an antenna for receiving 
a wireless signal; and a signal output section for output- 
ting an electric signal to the electric-mechanical-acous- 
tic-transducer based on the wireless signal received by 
the antenna. The electric signal represents at least one 
of a received sound, a call arrival sound, music and 
voice. 

[0031] In one embodiment of the invention, when the 
electric signal represents the received sound, the trans- 
parent panel acts as a receiver 

[0032] In one embodiment of the invention, when the 
electric signal represents one of the call arrival sound, 
the music and the voice, the transparent panel acts as 
a loudspeaker. 

[0033] In one embodiment of the invention, the elec- 
tric-mechanical-acoustic-transducer has one more dia- 
phragm. The housing has a sound hole. One of the di- 
aphragms is provided so as to face the acoustic signal 
transfer member, and the other diaphragm is provided 
so as to face the sound hole. 

[0034] According to still another aspect of the inven- 
tion, an electronic device includes a speaker system; 
and a housing for supporting the speaker system. The 
speaker system includes a display panel for displaying 
an image; a transparent panel provided such that the 
image displayed in the display panel is viewed through 
the transparent panel; a substrate provided between the 
display panel and the transparent panel such that the 
image is viewed through the substrate; an electric-me- 
chanical-acoustic-transducer having a diaphragm for 
outputting a sound by vibrating the diaphragm in accord- 
ance with an electric signal; and an acoustic signal 
transfer member for transferring the sound outpat from 
the electric-mechanical-acoustic-transducer to a space 
provided between the transparent panel and the sub- 
strate, wherein the transparent panel is allowed to be 
vibrated by the sound transferred to the space from the 
electric-mechanical-acoustic-transducer via the acous- 
tic signal transfer member. 

[0035] In one embodiment of the invention, the elec- 
tronic device further includes a control section for con- 
trolling an operation of the electronic device. The trans- 
parent panel also acts as a touch panel for detecting a 
contact of a contact member with a position of the trans- 
parent panel corresponding to an operation menu icon 
displayed in the display panel. The control section caus- 
es the electronic device to operate in accordance with 
the operation menu icon corresponding to the position 



of the transparent panel which is in contact with the con- 
tact member. 

[0036] In one embodiment of the invention; the elec- 
tronic device further includes a first transparent elec- 
5 trode having an electric resistance and provided on a 
surface of the transparent panel facing the substrate; 
and a second transparent electrode having an electric 
resistance and provided on a surface of the substrate 
facing the transparent panel. 
10 [0037] According to still another aspect of the inven- 
tion, an electronic device includes a speaker system; 
and a housing for supporting the speaker system. The 
speaker system includes a panel; an electric-mechani- 
cal-acoustic-transducer having a diaphragm for output- 
15 ting a sound by vibrating the diaphragm in accordance 
with an electric signal; and an acoustic signal transfer 
member for transferring the sound output from the elec- 
tric-mechanical-acoustic-transducer to a space provid- 
ed between the panel and the housing. The panel is al- 
20 lowed to be vibrated by the sound transferred to the 
space from the electric-mechanical-acoustic-transduc- 
erviathe acoustic signal transfer member. The electron- 
ic device further includes a control section for controlling 
an operation of the electronic device. The panel also 
25 acts as a touch panel for detecting a contact of a contact 
member with a position of the panel corresponding to 
an operation menu provided on the panel. The control 
section causes the electronic device to operate in ac- 
cordance with an item of the operation menu corre- 
30 spending to the position of the panel which is in contact 
with the contact member. 

[0038] According to still another aspect of the inven- 
tion, an electronic device includes a speaker system; 
and a housing for supporting the speaker system. The 
35 speaker system includes a panel; a substrate provided 
so as to face the panel; an electric-mechanical-acoustic- 
transducer having a diaphragm for outputting a sound 
by vibrating the diaphragm in accordance with an elec- 
tric signal; and an acoustic signal transfer member for 
40 transferring the sound output from the electric-mechan- 
ical-acoustic-transducer to a space provided between 
the panel and the substrate. The panel is allowed to be 
vibrated by the sound transferred to the space from the 
electric-mechanical-acoustic-transducer via the accus- 
es tic signal transfer member. The electronic device further 
includes a control section for controlling an operation of 
the electronic device. The panel also acts as a touch 
panel for detecting a contact of a contact member with 
a position of the panel corresponding to an item of an 
50 operation menu provided on the panel. The control sec- 
tion causes the electronic device to operate in accord- 
ance with the item of the operation menu corresponding 
to the position of the panel which is in contact with the 
contact member. 
55 [0039] In one embodiment of the invention, the elec- 
tric signal represents at least one of a received sound, 
a call arrival sound, and audio infomriation for a plurality 
of channels. When the electric signal represents at least 
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one of the received sound and the call arrival sound, the 
electric signal is input to the electric-nnechanical-acous- 
tlc-transducers. When the electric signal represents the 
audio Information forthe plurality of channels, an electric 
signal representing audio infornnation for each of the plu- s 
rality of channels is input to the respective eiectric-nne- 
chanical-acoustic-transducer. 

[0040] In one embodiment of the invention, the speak- 
er system Includes at least one more electric-mechani- 
cal-acoustic-transducer, and at least one more acoustic io 
signal transfer member, and the electric-mechanical- 
acoustic-transducers each include a diaphragm and 
each output a sound by vibrating the diaphragm in ac- 
cordance with an electric signal. The acoustic signal 
transfer members each transfer the sound output from ^5 
the respective electric-mechanical-acoustic-transducer 
to the space. The acoustic signal transfer members are 
connected to the space at different positions. When the 
electric signal represents at least one of the received 
sound and the call arrival sound, the electric signal is 20 
input to the electric-mechanical-acoustic-transducers. 
When the electric signal represents the audio informa- 
tion forthe plurality of channels, an electric signal rep- 
resenting audio information for each of the plurality of 
channels is input to the respective electric-mechanical- 25 
acoustic-transducer. 

[0041] In one embodiment of the invention, the elec- 
tric signal represents at least one of a received sound, 
a call arrival sound, and audio information for a plurality 
of channels. When the electric signal represents at least 30 
one of the received sound and the call arrival sound, the 
electric signal is input to the electric-mechanical-acous- 
tic-transducers. When the electric signal represents the 
audio information forthe plurality of channels, an electric 
signal representing audio information for each of the plu- 35 
rality of channels is input to a respective one of the elec- 
tric-mechanical-acoustic-transducers. 
[0042] Thus, the invention described herein makes 
possible the advantages of providing (1 ) a speaker sys- 
tem in which the position where an image is displayed 40 
to the user is the same as the position from which a 
sound is output to the user; and (2) a speaker system 
providing a higher level of freedom of location in an elec- 
tronic device or a mobile terminal device. 
[0043] These and other advantages of the present in- 45 
vention will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS so 

[0044] 

Figure 1A Is a plan view of a speaker system ac- 
cording to a first example of the present invention; 55 

Figure IB Is a cross-sectional view of the speaker 
system taken along chain line A-B shown in Figure 



1A; 

Figure 2 is a cross-sectional view of an electric-me- 
chanical-acoustic-transducer included in the 
speaker system according to the first example; 

Figure 3 is a graph illustrating a sound pressure vs. 
frequency characteristic of the speaker system ac- 
cording to the first example; 

Figure 4 is a plan view of a speaker system accord- 
ing to a second example of the present invention; 

Figure 5 is a cross-sectional view of the speaker 
system taken along chain line C-D shown in Figure 
4; 

Figure 6 is a graph illustrating a sound pressure vs. 
frequency characteristic of the speaker system ac- 
cording to the second example; 

Figure 7A is a plan view of a speaker system ac- 
cording to a third example of the present invention; 

Figure 7B is a cross-sectional view of the speaker 
system taken along chain line E-F shown in Figure 
7A; 

Figure 8 is a cross-sectional view of an electric-me- 
chanical-acoustic-transducer included in the 
speaker system according to the third example; 

Figure 9A is a plan view of another speaker system 
according to the third example of the present Inven- 
tion; 

Figure 98 is a cross-sectional view of the speaker 
system taken along chain line G-H shown in Figure 
9A; 

Figure 1 0A is a plan view of a speaker system ac- 
cording to a fourth example of the present invention; 

Figure 1 0B is a cross-sectional view of the speaker 
system taken along chain line l-J shown in Figure 
10A; 

Figure 11 is a cross-sectional view of an electric- 
mechanical-acoustic-transducer included in the 
speaker system according to the fourth example; 

Figure 12 is a cross-sectional view of another 
speaker system according to the fourth example of 
the present invention; 

Figure 1 3 is a partially cut plan view of a mobile ter- 
minal device according to a fifth example of the 
present invention; 
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Figure 14 is a bioci< diagram iilustrating an internal 
structure of tlie nnobile terminal device in the fifth 
example; 

Figure 15 is a partially cut plan view of a mobile ter- s 
minal device according to a sixth example of the 
present invention; 

Figure 16 is a block diagram illustrating an internal 
structure of the mobile terminal device in the sixth io 
example; 

Figure 17 is a partially cut plan view of a mobile ter- 
minal device according to a seventh example of the 
present invention; ^5 

Figure 18 is a block diagram illustrating an internal 
structure of the mobile terminal device in the sev- 
enth example; 

20 

Figure 19A is a partially cut plan view of a mobile 
terminal device according to an eighth example of 
the present invention; 

Figure 19B is a partially cut side view of the mobile 25 
terminal device according to the eighth example; 

Figure 19C is a bottom view of the mobile terminal 
device according to the eighth example; 

30 

Figure 20 is a cross-sectional view of an electric- 
mechanical-acoustic-transducer included in the 
mobile terminal device according to the eighth ex- 
ample; 

35 

Figure 21 A is a plan view of an electronic device 
according to a ninth example of the present inven- 
tion; 

Figure 21 B is across-sectional view of the electron- 40 
ic device taken along chain line K-L shown in Figure 
21 A; 

Figure 22A is a plan view of an electronic device 
according to a tenth example of the present inven- 45 
tion; 

Figure 228 is a cross-sectional view of the electron- 
ic device taken along chain line M-N shown in Fig- 
ure 22A: 50 

Figure 23A is a plan view of an electronic device 
according to an eleventh example of the present in- 
vention; 

55 

Figure 23B is a cross-sectional view of the electron- 
ic device taken along chain line K^-L^ shown in Fig- 
ure 23A; 



Figure 24A is a plan view of another electronic de- 
vice according to the eleventh example of the 

present invention; 

Figure 24B is across-sectional view of the electron- 
ic device taken along chain line Kg-Lg shown in Fig- 
ure 24A; 

Figure 25 is an isometric view of an electronic de- 
vice according to a twelfth example of the present 

invention; 

Figure 26 is a cross-sectional view of a speaker sys- 
tem included in the electronic device taken along 
chain line O-P shown in Figure 25; and 

Figure 27 is a plan view of a conventional speaker 
system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Hereinafter, the present invention will be de- 
scribed by way of illustrative examples with reference to 
the accompanying drawings. 

(Example 1 ) 

[0046] A speaker system 1 000 according to a first ex- 
ample of the present invention will be described with ref- 
erence to Figures 1 A and 1 B. Figure 1A is a plan view 
of the speaker system 1000, and Figure IB is a cross- 
sectional view of the speaker system 1000 taken along 
chain line A-B shown in Figure 1 A. 
[0047] The speaker system 1000 includes a display 
panel 21 for displaying an image, a transparent panel 
24 located so as to allow an image displayed in the dis- 
play panel 21 to be viewed through the transparent pan- 
el 24, an electric-mechanical-acoustic-transducer 22 
having a diaphragm 45 (Figure 2) for vibrating the dia- 
phragm 45 in accordance with an electric signal so as 
to output a sound, an elastic member 25 connected to 
a peripheral portion of the transparent panel 24, and a 
housing 20 for supporting the transparent panel 24 and 
the display panel 21. 

[0048] The speaker system 1000 has a space 26 be- 
tween the display panel 21 and the transparent panel 
24. The space 26 is preferably a closed space. The 
housing 20 has a sound hole 23. The housing 20 acts 
as an acoustic signal transfer member for transferring 
the sound output from the electric-mechanical-acoustic- 
transducer 22 to the space 26. The peripheral portion of 
the transparent panel 24 is supported by the elastic 
member 26, and thus the transparent panel 24 can be 
vibrated by the sound transferred from the electric-me- 
chanical-acoustic-transducer 22 to the space 26 via the 
sound hole 23. The housing 20 supports the transparent 
panel 24 via the elastic member 25. The transparent 
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panel 24 has an area which is larger than the area of 
the diaphragm 45. The display panel 21 is, for example, 
a liquid crystal display. The transparent panel 24 is 
formed of glass, an acrylic resin or other materials trans- 
missive with respect to visible light. 
[0049] Figure 2 is a cross-sectional view of the elec- 
tric-mechanical-acoustic-transducer 22. In this exam- 
ple, the electric-mechanical-acoustic-transducer 22 is a 
dynamic speaker. 

[0050] The electric-mechanical-acoustic-transducer 
22 includes a cup-shaped yoke 40, a magnet 41 provid- 
ed on a central part of the yoke 40, a plate 42 provided 
on a top surface of the magnet 41 , a voice coil 44 insert- 
ed Into a magnetic gap 43 between the yoke 40 and the 
plate 42, the diaphragm 45 connected to the voice coil 
44, and a housing 46 for supporting a peripheral portion 
of the diaphragm 45. The yoke 40 Is provided on a cen- 
tral part of the housing 46. The housing 46 is connected 
to the housing 20 such that the diaphragm 45 and the 
sound hole 23 face each other. 

[0051 ] An exemplary operation of the speaker system 
1000 will be described. 

[0052] When an electric signal is applied to the voice 
coil 44 inserted into the magnetic'gap 43, a driving force 
Is generated In the voice coil 44. Then, the diaphragm 
45 connected to the voice coil 44 is vibrated. Thus, a 
sound is generated. The sound generated by the dia- 
phragm 45 is transferred to the space 26 via the sound 
hole 23. The transparent panel 24 supported by the 
elastic member 25 In the peripheral portion thereof Is 
vibrated by the pressure of the sound transferred to the 
space 26 and thus generates a sound. 
[0053] Figure 3 is a graph Illustrating measuring re- 
sults of a sound pressure vs. frequency characteristic of 
the speaker system 1000. The measurement was per- 
formed as follows. As the electric-mechanical-acoustic- 
transducer 22, a dynamic speaker having a speaker di- 
ameter of 18 mm was used. As the transparent panel 
24, a transparent acrylic resin plate having a length of 
60 mm, a width of 35 mm and a thickness of 1 .7 mm 
was used. A microphone was placed at a position 0.1 m 
away from the speaker system 1000. A power of 0.1 W 
was applied to the electric-mechanical-acoustic-trans- 
ducer 22. 

[0054] Characteristic curve I in Figure 3 represents a 
sound output only from the electrlc-mechanlcal-acous- 
tic-transducer 22 in the absence of the transparent pan- 
el 24 (comparative example). Characteristic curve II rep- 
resents a sound output from the transparent panel 24 
(the present invention). The sound level of characteristic 
curve II is lower than that of aharacteristic curve I in a 
high frequency range of 3 kHz or higher. 
[0055] The reduction in the sound pressure can be al- 
leviated by adjusting the acoustic capacitance of the 
space 26 or by adjusting the weight of the transparent 
panel 24. More specifically, the sound pressure level 
can be raised In the above-described high frequency 
range by decreasing the acoustic capacitance of the 



space 26 by reduci ng the width of the space 26 between 
the display panel 21 and the transparent panel 24. The 
sound pressure level can be raised in the above-de- 
scribed high frequency range also by reducing the 

5 weight of the transparent panel 24. The high frequency 
characteristic of the speaker system 1000 can be con- 
trolled by forming the transparent panel 24 of a material 
having a relatively small specific gravity or, by adjusting 
the thickness of the transparent panel 24. The width of 

10 the space 26 and the weight of the transparent panel 24 
are adjusted in accordance with the bandwidth of the 
frequency range of the sound to be reproduced. 
[0056] In the dynamic speaker having the speaker di- 
ameter of 18 mm used as the electric-mechanical- 

15 acoustic-transducer 22, the diaphragm 45 was formed 
of an acrylic film having a thickness of 20 |im and a 
weight of about 6 mg. The voice coil 44 was formed of 
a copper wire having a diameter of 0.055 mm and a 
weight of 25 mg. The diameter of the voice coil 44 was 

20 8 mm. 

[0057] The transparent panel 24 formed of an acrylic 
resin (length: 60 mm; width: 35 mm; thickness: 1 .7 mm) 
weighed about 4200 mg. The ratio of the weight of the 
transparent panel 24 to the total weight of the diaphragm 

25 45 and the voice coll 44 Is 4200 mg/(6 mg + 25 mg) = 
about 135. The weight of the transparent panel 24 is 
about 135 times the total weight of the diaphragm 45 
and the voice coil 44. Therefore, in the case where the 
voice coil 44 is connected to the transparent panel 24 

30 (comparative example), the transparent panel 24 can- 
not be substantially vibrated directly by the voice coil 44. 
As a result, substantially no sound is generated from the 
transparent panel 24. 

[0058] In the speaker system 1000 in this example, 

35 the heavy transparent panel 24 can be sufficiently vi- 
brated by a small force, by the following principle. When 
the voice coil 44 drives the diaphragm 45 and thus the 
diaphragm 45 applies a pressure to the space 26, the 
pressure applied to the space 26 is transferred to the 

40 transparent panel 24. Thus, the transparent panel 24 vi- 
brates. Where S., Is the effective vibration area of the 
diaphragm 45, S2 is the vibration area of the transparent 
panel 24, and IVI2 is the weight of the transparent panel 
24, the equivalent weight of the transparent panel 24 

45 with respect to the voice coil 44 Is M2/(S2/Si)2, owing to 
the effect of the acoustic transfonner. 
[0059] In the above-described example, the effective 
vibration area of the diaphragm 45 (S^) is 98.5 mm and 
the vibration area of the transparent panel 24 (S2) is 

50 21 00 mm^. (Assuming that the effective radius of vibra- 
tion of the diaphragm 45 is from the center of the edge 
portion to a substantially central position of the dia- 
phragm 45, the effective radius of vibration of the dia- 
phragm 45 is 5.6 mm although the apparent diameter of 

55 the diaphragm 45 is 1 8 mm.) The equivalent weight of 
the transparent panel 24 with respect to the voice coil 
44 is 4200 mg/(21 00 mm2/98.5 mm2)2=9.2 mg. The sum 
of the total weight of the diaphragm 45 and the voice coil 
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44 and the equivalent weight of the transparent panel 

24 is 6 nng + 25 mg + 9.2 nng = 40.2 mg. Accordingly, 
the transparent panel 24 can be vibrated by a force 
which can vibrate an object having a weight of 40.2 mg 
(total weight of the diaphragm 45, the voice coil 44 and 
the transparent panel 24. The weight of the 40.2 mg is 
about 1 .3 times the total weight of the diaphragm 45 and 
the voice coil 44 (31 mg). Therefore, the transparent 
panel 24 can be sufficiently vibrated by the force gener- 
ated in the voice coil 44. 

[0060] In this manner, the electric-mechanical-acous- 
tic-transducer 22 vibrates the transparent panel 24 via 
the space 26. Thus, the speaker system 1000, in which 
the transparent panel 24 having a large area and a great 
weight is vibrated by a small force as a diaphragm for 
reproducing an acoustic signal, can be realized. 
[0061] The transparent panel 24 is transmissive with 
respect to visible light, and therefore can reproduce an 
acoustic signal without shielding the image displayed in 
the display panel 21 . The transparent panel 24 is located 
such that the image displayed in the display panel 21 
can be viewed through the transparent panel 24. There- 
fore, the position where the image is displayed to the 
user can be the same as the position from which a sound 
is output to the user. Owing to such a structure, the user 
does not have any sense of unnaturalness. The system 
1000 having such a structure may be mounted on an 
electronic device or a mobile terminal device (e.g., a per- 
sonal computer, a TV, a game machine, or a cellular 
phone) including an Image or sound signal processing 
circuit. 

[0062] The transparent panel 24 is supported by the 
elastic member 25, and thus the entire surface of the 
transparent panel 24 is vibrated by the pressure of the 
sound generated by the electric-mechanical-acoustic- 
transducer 22. Therefore, the acoustic characteristics 
such as, for example, the reproduction sound volume 
and the reproduction frequency band can be improved. 
Especially, the reproduction frequency band in a low fre- 
quency range can be expanded. 
[0063] In the first example, the elastic member 25 for 
supporting the peripheral portion of the transparent pan- 
el 24 is provided on a bottom surface of the transparent 
panel 24. Alternatively, the elastic member 25 may be 
provided so as to cover a side surface of the peripheral 
portion of the transparent panel 24. The space 26, sur- 
rounded by the transparent panel 24, the display panel 
21 , the elastic member 25, the housing 20 and the elec- 
tric-mechanical-acoustic-transducer 22, preferably 
maintains a high level of airtightness in order to prevent 
the sound output from the diaphragm 45 from leaking 
outside. 

[0064] In the first example, a dynamic speaker is used 
as the electric-mechanical-acoustic-transducer 22. Al- 
ternatively, any type of speaker which outputs a sound 
from a diaphragm is usable, and substantially the same 
effect is provided. Exemplary speakers usable include 
an electromagnetic speaker, a piezoelectric speaker, 



and a static speaker. The electric-mechanical-acoustic- 
transducer 22 may be round, elliptic or rectangular. 
When the electric-mechanical-acoustic-transducer22 is 
elliptic or rectangular, the space in which the display 
5 panel 21 can be provided is enlarged, i.e., the planar 
size of the display panel 21 can be increased. 

(Example 2) 

[0065] A speaker system 1 1 00 according to a second 
example of the present invention will be described with 
reference to Figures 4 and 5. Figure 4 is a plan view of 
the speaker system 1100, and Figure 5 is a cross-sec- 
tional view of the speaker system 1100 taken along 
chain line C-D shown in Figure 4. 
[0066] The speaker system 1100 includes a display 
panel 21 for displaying an image, a transparent panel 
224 located so as to allow an image displayed in the 
display panel 21 to be viewed through the transparent 
panel 224, a transparent substrate 227 located between 
the display panel 21 and the transparent panel 224 so 
as to allow an image displayed in the display panel 21 
to be viewed through the substrate 227, an electric-me- 
chanical-acoustic-transducer 22 having a diaphragm 45 
(Figure 2) for vibrating the diaphragm 45 in accordance 
with an electric signal so as to output a sound, a spacer 
(elastic member) 225 for connecting a peripheral portion 
of the transparent panel 224 and a peripheral portion of 
the substrate 227, and a housing 220 for supporting the 
substrate 227. 

[0067] The speaker system 11 00 has a space 226 be- 
tween the substrate 227 and the transparent panel 224. 
The space 226 is preferably a closed space. The sub- 
strate 227 has a sound hole 223. The substrate 227 acts 
as an acoustic signal transfer member for transferring 
the sound output from the electric-mechanical-acoustic- 
transducer 22 to the space 226. The transparent panel 
224 can be vibrated by the sound transferred from the 
electric-mechanical-acoustic-transducer 22 to the 
space 226 via the sound hole 223. The substrate 227 
supports the transparent panel 224 via the spacer 225. 
The transparent panel 224 has an area which is larger 
than the area of the diaphragm 45. In this example, the 
transparent panel 24 is a film which is formed of, for ex- 
ample, PET (polyethylene terephthalate), acrylic resins, 
or other resin materials transmissive with respect to vis- 
ible light. 

[0068] The electric-mechanical-acoustic-transducer 
22 has substantially the same structure as that de- 
scribed in the first example, except that the housing 46 
is connected to the substrate 227 such that the dia- 
phragm 45 faces the sound hole 223. 
[0069] An exemplary operation of the speaker system 
1100 will be described. 

[0070] When an electric signal is applied to the voice 
coil 44 inserted into the magnetic gap 43, a driving force 
Is generated In the voice coll 44. Then, the diaphragm 
45 connected to the voice coil 44 is vibrated. Thus, a 
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sound is generated. The sound generated by the dia- 
phragm 45 is transferred to the space 226 via the sound 
hole 223. The transparent panel 224 supported by the 
spacer 225 in the peripheral portion thereof is vibrated 
by the pressure of the sound transferred to the space 
226 and thus generates a sound. 
[0071] Figure 6 is a graph illustrating measuring re- 
sults of a sound pressure vs. frequency characteristic of 
the speaker system 1100. The measurement was per- 
formed as follows, As the electric-mechanical-acoustic- 
transducer 22, a dynamic speaker having a speal<er di- 
ameter of 18 mm was used. As the transparent panel 
224, a transparent PET plate having a length of 90 mm, 
a width of 60 mm and a thickness of 0.1 mm was used. 
A microphone was placed at a position 0.1 m away from 
the speaker system 11 00. A power of 0. 1 W was applied 
to the electric-mechanical-acoustic-transducer 22. 
[0072] Characteristic curve III in Figure 6 represents 
a sound output only from the electric-mechanical- 
acoustic-transducer 22 in the absence of the transpar- 
ent panel 224 (comparative example). Charactehstic 
curve IV represents a sound output from the transparent 
panel 224 (present invention). 

[0073] In the dynamic speaker having the speaker di- 
ameter of 18 mm used as the electric-mechanical- 
acoustic-transducer 22, the diaphragm 45 was formed 
of an acrylic film having a thickness of 20 |xm and a 
weight of about 6 mg. The voice coil 44 was formed of 
a copper wire having a diameter of 0.055 mm and a 
weight of 25 mg. The diameter of the voice coil 44 was 
8 mm. 

[0074] The transparent panel 224 formed of PET 
(length: 90 mm; width: 60 mm; thickness: 0.1 mm) 
weighed about 700 mg. The ratio of the weight of the 
transparent panel 224 to the total weight of the dia- 
phragm 45 and the voice coil 44 is 700 mg/(6 mg + 25 
mg) = about 22.6 mg. The weight of the transparent pan- 
el 224 is about 22.6 times the total weight of the dia- 
phragm 45 and the voice coil 44. Therefore, in the case 
where the voice coil 44 is connected to the transparent 
panel 224 (comparative example), the transparent pan- 
el 224 cannot be substantially vibrated directly by the 
voice coil 44. As a result, substantially no sound is gen- 
erated from the transparent panel 224. 
[0075] In the speaker system 1100 in this example, 
the heavy transparent panel 224 can be sufficiently vi- 
brated by a small force, by the following principle. When 
the voice coil 44 drives the diaphragm 45 and thus the 
diaphragm 45 applies a pressure to the space 226, the 
pressure applied to the space 226 is transferred to the 
transparent panel 224. Thus, the transparent panel 224 
vibrates. Where is the effective vibration area of the 
diaphragm 45, Sg is the vibration area of the transparent 
panel 224, and is the weight of the transparent panel 
224 (similarly to the first example), the equ ivalent weight 
of the transparent panel 224 with respect to the voice 
coll 44 is M^{S^S^)^, owing to the effect of the acoustic 
transformer. 



[0076] In the above-described example, the effective 

vibration area of the diaphragm 45 (S^) is 98.5 mm and 
the vibration area of the transparent panel 224 (Sg) is 
5400 mm2. (As described in the first example, the effec- 

5 tive radius of vibration of the diaphragm 45 is 5.6 mm.) 
The equivalent weight of the transparent panel 224 with 
respect to the voice coil 44 is 700 mg/(5400 mm2/98.5 
mm2)2 = 0.2 mg. The sum of the total weight of the dia- 
phragm 45 and the voice coll 44 and the equivalent 

10 weight of the transparent panel 224 is 6 mg + 25 mg + 
0.2 mg = 31 .2 mg. Since the weight of 31 .2 mg is sub- 
stantially the same as total weight of the diaphragm 45 
and the voice coil 44 (31 mg), the transparent panel 224 
can be sufficiently vibrated by the force generated in the 

15 voice coil 44. 

[0077] In this manner, the electric-mechanical-acous- 
tic-transducer 22 vibrates the transparent panel 224 via 
the space 226. Thus, the speaker system 1100, in which 
the transparent panel 224 having a large area and a 

20 great weight is vibrated by a small force as a diaphragm 
for reproducing an acoustic signal, can be realized. 
[0078] The transparent panel 224 and the transparent 
substrate 227 are transmissive with respect to visible 
light, and therefore an acoustic signal can be repre- 
ss duced without the Image displayed In the display panel 
21 being shielded. The transparent panel 224 is located 
such that the image displayed in the display panel 21 
can be viewed through the transparent panel 224. 
Therefore, the position where the image is displayed to 

30 the user can be the same as the position from which a 
sound is output to the user. Owing to such a structure, 
the user does not have any sense of unnaturalness. The 
system 1100 having such a structure may be mounted 
on an electronic device or a mobile terminal device (e, 

35 g., a personal computer, a TV, a game machine, or a 
cellular phone) including an image or sound signal 
processing circuit. 

[0079] The substrate 227 is provided between the dis- 
play panel 21 and the transparent panel 224. Since the 

40 substrate 227 protects the display panel 21 against ex- 
ternal impacts, thetransparent panel 224 can be thinner. 
Therefore, the acoustic characteristics such as, for ex- 
ample, the reproduction sound volume and the repro- 
duction frequency band can be improved. Especially, 

45 the reproduction frequency band in a low frequency 
range can be expanded. 

[0080] During the production process of the speaker 
system 1 100, the space 226 may be formed in advance 
between the transparent panel 224 and the substrate 

50 227. In this case, precise positioning between the trans- 
parent panel 224 and the substrate 227/display panel 
21 is not necessary. This simplifies the process for 
mounting the speaker system 1 100 on an electronic de- 
vice or a mobile terminal device. 

55 [0081] The space 226, surrounded by thetransparent 
panel 224, the substrate 227, the spacer 225 and the 
electrlc-mechanlcal-acoustic-transducer 22, preferably 
maintains a high level of airtightness in order to prevent 
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the sound output from the diaphragm 45 from leaking 
outside. This can be realized by, for example, bonding 
the transparent panel 224, the substrate 227, the spacer 
225 and the electric-mechanical-acoustic-transducer 22 
together. 

[0082] In the second example, a dynamic speal<er is 
used as the electric-mechanical-acoustic-transducer 
22. Alternatively, any type of speal<er which outputs a 
sound from a diaphragm is usable, and substantially the 
same effect is provided. Exemplary speakers usable in- 
clude an electromagnetic speaker a piezoelectric 
speaker, and a static speaker. The electric-meohanlcal- 
acoustic-transducer22 may be round, elliptic or rectan- 
gular. When the electric-mechanical-acoustic-transduc- 
er 22 is elliptic or rectangular, the space in which the 
display panel 21 can be provided is enlarged, i.e., the 
planar size of the display panel 21 can be increased. 

(Example 3) 

[0083] A speaker system 1200 according to a third ex- 
ample of the present invention will be described with ref- 
erence to Figures 7A and 7B. Figure 7A is a plan view 
of the speaker system 1200, and Figure 7B is a cross- 
sectional view of the speaker system 1200 taken along 
chain line E-F shown in Figure 7A. 
[0084] The speaker system 1200 includes a display 
panel 21 for displaying an image, a transparent panel 
34 located so as to allow an image displayed in the dis- 
play panel 21 to be viewed through the transparent pan- 
el 34, an electric-mechanical-acoustic-transducer 32 
having a diaphragm 52 (Figure 8) for vibrating the dia- 
phragm 52 in accordance with an electric signal so as 
to output a sound, an acoustic pipe 33 connected to the 
electric-mechanical-acoustic-transducer 32, and a 
housing 20 for supporting the transparent panel 34 and 
the display panel 21. 

[0085] The speaker system 1200 has a space 37 be- 
tween the display panel 21 and the transparent panel 
34. The space 37 is preferably a closed space. The 
housing 20 is connected to the acoustic pipe 33 via an 
opening 36 of the acoustic pipe 33. The acoustic pipe 
33 acts as an acoustic signal transfer member for trans- 
ferring the sound output from the electric-mechanical- 
acoustic-transducer 32 to the space 37. The transparent 
panel 34 has a peripheral portion 35 which is thinner 
than a central portion thereof. The peripheral portion 35 
is in the form of a film. The peripheral portion 35 is sup- 
ported by the housing 20. The transparent panel 34 can 
be vibrated by the sound transferred from the eleotric- 
mechanical-acoustic-transducer 32 to the space 37 via 
the acoustic pipe 33. The transparent panel 34 has an 
area which is larger than the area of the diaphragm 52. 
The transparent panel 34 is fomried of glass, an acrylic 
resin or other materials transmissive with respect to vis- 
ible light. 

[0086] Figure 8 is a cross -sectional view of the elec- 
tric-mechanical-acoustic-transducer 32. In this exam- 



ple, the electric-mechanical-acoustic-transducer 32 is a 
piezoelectric speaker, so that the electrlc-mechanical- 
acoustic-transducer 32 can be thinner. 
[0087] The electric-mechanical-acoustic-transducer 
5 32 includes piezoelectric elements 50 and 51, the dia- 
phragm 52 having the piezoelectric elements 50 and 51 
bonded to both surfaces thereof, a lead 53 connected 
to an input temninal 57 and the diaphragm 52 for receiv- 
ing an electric signal, a lead 54 connected to an input 
terminal 56 and the piezoelectric element 51 , a lead 55 
connected to the input terminal 56 and the piezoelectric 
element 50, and a housing58for supporting a peripheral 
portion of the diaphragm 52. The diaphragm 52 contains 
a conductive material of phosphor bronze, stainless 
steel or the like, and acts as an intermediate electrode. 
The housing 58 is connected to the acoustic pipe 33. 
[0088] An exemplary operation of the speaker system 
1200 will be described. 

[0089] When an electric signal is applied to the input 
terminals 56 and 57, the piezoelectric elements 50 and 

51 bonded on both surfaces of the diaphragm 52 are 
warped, and a sound is generated from the diaphragm 

52 and the piezoelectric elements 50 and 51 . The sound 
passes through the acoustic pipe 33 and is transferred 
to the space 37 via the open ing 36. The transparent pan- 
el 34 supported by the housing 20 in the peripheral por- 
tion thereof is driven and vibrated by the pressu re of the 
sound transferred to the space 37 and thus generates 
a sound. This manner of sound generation by the trans- 
parent panel 34 is substantially the same as that by the 
transparent panel 24 in the first example. 
[0090] The speaker system 1 200 in the third example 
is different from the speaker system 1 000 in the first ex- 
ample in that the speaker system 1 200 uses the acous- 
tic pipe 33 as the acoustic signal transfer member for 
transferring the sound output from the electric-mechan- 
ical-acoustic-transducer 32 to the space 37. Such a 
structure allows the electric-mechanical-acoustic-trans- 
ducer 32 to be provided closer to a bottom surface of 
the housing 20 with respect to the display panel 21. This 
increases a space in which the display panel 21 can be 
provided; i.e., increases the planar size of the display 
panel 21. 

[0091] The opening 36 of the acoustic pipe 33 may 
have a rectangular shape, so that one of the sides of the 
display panel 21 which is adjacent to the opening 36 is 
parallel to the longitudinal direction of the opening 36. 
In this case, the planar size of the display panel 21 can 
be further increased. 

[0092] The peripheral portion 35 of the transparent 
panel 34 may be integrally formed of the same material 
as that of the central portion of the transparent panel 34, 
or may be formed of a different material from that of the 
central portion of the transparent panel 34 and fixed to 
the central portion of the transparent panel 34. 
[0093] The transparent panel 34 may be formed of a 
film entirely In addition to the peripheral portion 35. In 
this case, the entirety of the transparent panel 34 is driv- 
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en by the sound output fronn the electric-mechanical- 
acoustic-transducer 32. 

[0094] In the third example, a piezoelectric speal<er is 
used as the electric-mechanical-acoustic-transducer 
32. Alternatively, any type of speaker which outputs a s 
sound from a diaphragm Is usable, and substantially the 
same effect is provided. Exemplary speakers usable in- 
clude an electromagnetic speaker, a dynamic speaker, 
and a static speaker. 

[0095] Next, a speaker system 1 300 as a modification io 
example of the speaker system 1100 in the second ex- 
ample of the present invention will be described with ref- 
erence to Figures 9A and 9B. Figure 9A is a plan view 
of the speaker system 1300, and Figure 9 B is a cross- 
sectional view of the speaker system 1 300 taken along ^5 
chain line G-H shown in Figure 9A. 
[0096] The speaker system 1300 includes the elec- 
tric-mechanical-acoustic-transducer 32 and the acous- 
tic pipe 33 connected to the electric-mechanical-acous- 
tic-transducer 32, instead of the electric-mechanical- 
acoustic-transducer 22. The sound hole 223 of the sub- 
strate 227 is communicated to the opening 36 of the 
acoustic pipe 33. The acoustic pipe 33 acts as an acous- 
tic signal transfer memberfortransferring the sound out- 
put from the electric-mechanical-acoustic-transducer 25 
32 to the space 37. 

[0097] An exemplary operation of the speaker system 
1300 will be described. 

[0098] When an electric signal is applied to the input 
terminals 56 and 57, the piezoelectric elements 50 and 50 

51 bonded on both surfaces of the diaphragm 52 are 
warped, and a sound is generated from the diaphragm 

52 and the piezoelectric elements 50 and 51 . The sound 
passes through the acoustic pipe 33 and is transferred 

to the space 226 via the opening 36. The transparent 35 
panel 224 is vibrated by the pressure of the sound trans- 
ferred to the space 226 and thus generates a sound. 
[0099] The speaker system 1300 uses the acoustic 
pipe 33 as the acoustic signai transfer memberfortrans- 
ferring the sound output from the electric-mechanical- 40 
acoustic-transducer 32 to the space 226. Such a struc- 
ture allows the electric-mechanical-acoustic-transducer 
32 to be provided closer to a bottom surface of the hous- 
ing 220 with respect to the display panel 21. This in- 
creases a space in which the display panel 21 can be 45 
provided; i.e., increases the planar size of the display 
panel 21 . 

[0100] The opening 36 of the acoustic pipe 33 may 
have a rectangular shape, so that one of the sides of the 
display panel 21 which is adjacent to the opening 36 is 50 
parallel to the longitudinal direction of the opening 36. 
In this case, the planar size of the display panel 21 can 
be further increased. 

[0101] In this example, a piezoelectric speaker is 
used as the electric-mechanical-acoustic-transducer 55 
32. Alternatively, any type of speaker which outputs a 
sound from a diaphragm is usable, and substantially the 
same effect is provided. Exemplary speakers usable in- 



clude an electromagnetic speaker, a dynamic speaker, 
and a static speaker. 

(Example 4) 

[0102] A speaker system 1400 according to a fourth 
example of the present invention will be described with 
reference to Figures 1 0A and 1 0B. Figure 1 0A is a plan 
view of the speaker system 1400, and Figure 1 0B Is a 
cross-sectional view of the speaker system 1400 taken 
along chain line l-J shown in Figure 10A. The speaker 
system 1400 basically has the structure of the speaker 
system 1 200 in the third example with a plurality of elec- 
tric-mechanical-acoustic-transducers. 
[0103] The speaker system 1400 includes a display 
panel 21 for displaying an image, a transparent panel 
138 located so as to allow an image displayed in the 
display panel 21 to be viewed through the transparent 
panel 1 38, electric-mechanical-acoustic-transducers 32 
and 132 each having a diaphragm 52 (Figure 8) for vi- 
brating the diaphragm 52 in accordance with an electric 
signal so as to output a sound, acoustic pipes 33 and 
133, and a housing 130 for supporting the transparent 
panel 138, respectively connected to the electric-me- 
chanical-acoustic-transducer 32 and 132, and the dis- 
play panel 21. 

[01 04] The speaker system 1 400 has a space 1 39 be- 
tween the display panel 21 and the transparent panel 
138. The space 139 is preferably a closed space. The 
housing 1 30 is connected to the acoustic pipe 33 via an 
opening 36 thereof and to the acoustic pipe 133 via an 
opening 136 thereof. The acoustic pipes 33 and 133 
each act as an acoustic signal transfer member for 
transferring the sound output from the electric-mechan- 
ical-acoustio-transducers 32 and 132 to the space 139. 
The transparent panel 138 is supported by the housing 
130 in a peripheral portion thereof, and can be vibrated 
by the sound transferred from the electrio-mechanical- 
acoustic-transducers 32 and 132 to the space 139. The 
transparent panel 138 has an area which is larger than 
the area of the diaphragm 52. In this example, the trans- 
parent panel 138 is a film which is formed of, for exam- 
ple, PET (polyethylene terephthalate), or other resin 
materials transmissive with respect to visible light. 
[0105] An exemplary operation of the speaker system 
1400 will be described. 

[0106] The speaker system 1400 in the fourth exam- 
ple is different from the speaker system 1200 in the third 
example in that the speaker system 1400 includes the 
plurality of electric-mechanical-acoustic-transducers 32 
and 132 and the plurality of acoustic pipes 33 and 133. 
The transparent panel 138 is entirely a film. 
[0107] The electric-mechanical-acoustic-transducer 
132 has the same structure as that of the electric-me- 
chanical-acoustic-transducer 32 described in the third 
example. The electric-mechanical-acoustic-transducer 
132 also operates in the same manner as the electric- 
mechanical-acoustic-transducer 32 described in the 
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third example. The acoustic pipes 33 and 133 are re- 
spectively connected to the electric-nnechanical-acous- 
tic-transducers 32 and 132. The openings 36 and 136 
of the acoustic pipes 33 and 133 are communicated with 
the space 1 39 at different positions from each other. The 5 
sound output from the electric-mechanical-acoustic- 
transducer 132 is transferred to the space 139 via the 
acoustic pipe 1 33. The transparent panel 1 38 is vibrated 
by the pressure of the sound transferred to the space 
139 so as to generate a sound. fo 
[0108] When, for example, an electric signal repre- 
senting information for a right channel is input to the 
electric-mechanlcal-acoustlc-transducer 32 and an 
electric signal representing Information fora left channel 
is input to the electric-mechanical-acoustic-transducer 15 
132, the sound for the right channel is transferred to the 
space 1 39 via the opening 36 and the sound for the left 
channel is transferred to the space 139 via the opening 
136. Thus, the transparent panel 138 is vibrated by a 
synthesis sound pressure for the right and left channels. 20 
In this manner, a stereo reproduction Is realized. Espe- 
cially because the transparent panel 1 38 Is a film In this 
example, portions of the transparent panel 138 which 
are immediately facing the openings 36 and 136 are vi- 
brated by a sound of a high frequency range which has 25 
a short wavelength and narrow directivity. The entire 
transparent panel 138 is vibrated by a sound of a low 
frequency range which has a long wavelength and wide 
directivity. Even though the sound for the right channel 
and the sound for the left channel are synthesized in the 50 
space 1 39, the sound of the high frequency range which 
Contributes to the expansion of the sound image is out- 
put from separate positions of the transparent panel 
138. Thus, an effective stereo reproduction Is realized 
by one transparent panel 138. 35 
[0109] In the case where the speaker system 1400 is 
mounted on a mobile terminal device Including a rela- 
tively large display panel such as, for example, a PDA 
(personal digital assistant), the openings 36 and 136 of 
the acoustic pipes 33 and 133 can be located on both 40 
ends of the display panel 21 , i.e. away from each other 
by a relatively'large distance. Therefore, a sound image 
of the sound output from the display panel 21 is en- 
larged, and thus a more effective stereo reproduction Is 
provided. 45 
[0110] The speal<er system 1400 Includes two elec- 
tric-mechanical-acoustic-transducers 32 and 1 32 in this 
example, but may include three or more electric-me- 
chanical-acoustic-transducers. Each of the plurality of 
electric-mechanical-acoustic-transducers is connected 50 
to an acoustic pipe. Each acoustic pipe is communicat- 
ed to the space 139 at different positions. In this case, 
the transparent panel 138 is vibrated by the plurality of 
electrlc-mechanical-acoustlc-transducers, and there- 
fore a sound of a higher volume Is output from the trans- 55 
parent panel 138. 

[0111] The display panel 21 may have an opening at 
top, bottom, right and left positions thereof. In this case. 
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for example, the openings on the top and bottom posi- 
tions may be used to transfer the sound output from the 
electric-mechanical-acoustic-transducer based on an 
electric signal representing audio information for one of 
multiple channels. Thus, a more realistic sound can be 
reproduced. 

[0112] When the electric signal is a monaural signal, 
the same electric signal may be input to the plurality of 
electric-mechanical-acoustic-transducers. Alternative- 
ly, the monaural signal may be input to one of the elec- 
tric-mechanical-acoustic-transducers. 
[0113] An electric-mechanical-acoustic-transducer 
232 shown in Figure 1 1 may be used instead of the elec- 
trlc-mechanlcal-acoustlc-transducer 32. The electric- 
mechanical-acoustic-transducer 232 includes a cup- 
shaped yoke 140 having a spindle section 141 along a 
periphery thereof, a magnet 41 provided on a central 
part of the yoke 1 40, a plate 42 provided on atop surface 
of the magnet 41 , a voice coil 44 inserted into a magnetic 
gap 144 between the yoke 140 and the plate 42, a dia- 
phragm 45 connected to the voice coil 44, housings 1 47 
and 247 for supporting a peripheral portion of the dia- 
phragm 45, and a suspension 148 connected to a pe- 
ripheral portion of the yoke 1 40 and a bottom surface of 
the housing 147. The housing 247 is connected to the 
acoustic pipe 33. A magnetic circuit 142 includes the 
yoke 140, the magnet 41, and the plate 42. Since the 
magnetic circuit 142 is supported by the suspension 
148, the magnetic circuit 142 can be vibrated so as to 
generate a mechanical vibration simultaneously with, or 
independent from, the acoustic signal reproduction. 
[0114] The electric-mechanical-acoustic-transducer 
232 outputs a sound from the diaphragm 45 as de- 
scribed in the first example with reference to Figure 2. 
[01 1 5] An exemplary operation of the magnetic circuit 
142 for generating a mechanical vibration will be de- 
scribed. A vibration function of an electric-mechanical- 
acoustic-transducer is disclosed by, for example, Japa- 
nese Laid-Open Publication No. 10-215499 and will not 
be described in detail here. When an electric signal is 
applied to the voice coil 44, a force Is generated in the 
magnetic circuit 1 42 in the opposite direction to the force 
generated in the voice coil 44. The magnetic circuit 142 
is supported by the housing 147 via the suspension 148. 
A mechanical resonating system includes the mass of 
the magnetic circuit 142 and the stiffness of the suspen- 
sion 148. When the frequency of the electric signal ap- 
plied to the voice coil 44 substantially matches the res- 
onating frequency of the mechanical resonating system, 
the magnetic circuit 142 largely vibrates. This vibration 
is transferred to the housing 147viathesuspension 148. 
Since the housing 147 is mechanically coupled to the 
housing 130 via the housing 247 and the acoustic pipe 
33, the vibration of the magnetic circuit 142 is trans- 
ferred to the housing 130 so as to vibrate the housing 
130. 

[0116] As described above, the electric-mechanlcal- 
acoustlc-transducer 232 has two functions of acoustic 
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signal reproduction and generation of a meclnanical vi- 
bration. For example, the speaker system 1400 may be 
used for a moblleterminal device having a signal receiv- 
ing function, for example, a cellular phone. In this case, 
the mobile terminal device has both a function of a 
spealcer of notifying the user of the signal reception by 
an acoustic signal of a melody or the like, and a function 
of a vibrator of notifying the user of the signal reception 
by a vibration transferred to the body of the user. 
[0117] When an electronic device including the 
speaker system 1 400 including the electric-mechanical- 
acoustic-transducer 232 is used to play a game or the 
like, the combination of a realistic sound effect and a 
vibration transferred to the user raise the level of excite- 
ment of the game. 

[0118] Even when the electric signal is a monaural 
signal, the user feels the vibration in addition to hearing 
the acoustic signal reproduced from the same plane of 
the transparent panel 138. 

[0119] The electric-mechanical-acoustic-transducer 
232 may be used instead of the electric-mechanical- 
acoustic-transducer 132. In the first through third exam- 
ples, the electric-mechanical-acoustic-transducer 232 
may be used instead of each of the electric-mechanical- 
acoustic-transducers 22 and 32. 
[01 20] Next, a speaker system 1 500 as a modification 
example of the speaker system 1100 in the second ex- 
ample of the present invention will be described with ref- 
erence to Figure 12. 

[0121] The speaker system 1500 includes the elec- 
tric-mechanical-acoustic-transducer 32 and the acous- 
tic pipe 33 shown in Figure 9B in addition to the structure 
of the speaker system 1100. The acoustic pipe 33 is 
connected to the electric-mechanical-acoustic-trans- 
ducer 32. A substrate 127, which is provided instead of 
the substrate 227, has sound holes 123 and 323. The 
electric-mechanical-acoustic-transducer 22 is connect- 
ed to the substrate 127 via the sound hole 123, and the 
opening 36 of the acoustic pipe 33 is communicated to 
the sound hole 323. In this example, the transparent 
panel 224 is formed of a film. A space 126 is formed 
between the substrate 127 and the transparent panel 
224. The space 126 is preferably a closed space. 
[01 22] An exemplary operation of the speaker system 
1500 will be described. 

[01 23] The electric-mechanical-acoustic-transducers 
22 and 32 operate as described in the first and third ex- 
amples. The sound outputfrom the electric-mechanical- 
acoustic-transducer 22 is transferred to the space 126 
via the sound hole 123. The sound outputfrom the elec- 
tric-mechanical-acoustic-transducer 32 is transferred to 
the space 1 26 via the acoustic pipe 33. The transparent 
panel 224 is vibrated by the pressure of the sound trans- 
ferred to the space 126 so as to generate a sound. 
[0124] When, for example, an electric signal repre- 
senting information for a right channel is input to the 
electric-mechanical-acoustic-transducer 22 and an 
electric signal representing infomriationfora left channel 



is input to the electric-mechanical-acoustic-transducer 
32, the sound for the right channel is transferred from 
the electric-mechanical-acoustic-transducer 22 to the 
space 126 and the sound for the left channel is trans- 

5 ferred from the electric-mechanical-acoustic-transducer 
32 to the space 126. Thus, the transparent panel 224 is 
vibrated by a synthesis sound pressure for the right and 
left channels. In this manner, a stereo reproduction is 
realized. Especially because the transparent panel 224 

10 is a film in this example, portions of the transparent pan- 
el 224 which are immediately facing the openings 123 
and 323 are vibrated by a sound of a high frequency 
range which has a short wavelength and narrow direc- 
tivity. The entire transparent pane! 224 is vibrated by a 

15 sound of a low frequency range which has a long wave- 
length and wide directivity. Even though the sound for 
the right channel and the sound for the left channel are 
synthesized in the space 1 26, the sound of the h igh fre- 
quency range which contributes to the expansion of the 

20 sound image is output from separate positions of the 
transparent panel 224. Thus, an effective stereo repro- 
duction is realized by one transparent panel 224. 
[0125] In the case where the acoustic pipe 33 is con- 
nected to the electric-mechanical-acoustic-transducer 

25 32 at a position off the center of the electric-mechanical- 
acoustic-transducer 32, the electric-mechanical-acous- 
tic-transducer 32 can be efficiently provided in an empty 
space in the housing 220. The empty space in the hous- 
ing 220 can also be efficiently formed in the housing 220. 

30 In this empty space, an electric circuit such as, for ex- 
ample, a signal receiving circuit, can be provided as well 
as the electric-mechanical-acoustic-transducer 32. 
[0126] The electric-mechanical-acoustic-transducers 
22 and 32 may both be a dynamic speaker or a piezo- 

35 electric speaker. 

[0127] An electric-mechanical-acoustic-transducer 
232 may be used instead of each of the electric-me- 
chanical-acoustic-transducers 22 and 32. 
[01 28] An acoustic pipe may be provided between the 

40 electric-mechanical-acoustic-transducer 22 and the 
sound hole 123. The electric-mechanical -acoustic- 
transducer 32 may be directly connected to the sub- 
strate 127 with the acoustic pipe 33 being omitted. 
[0129] The speaker system 1500 in this example in- 

45 eludes two electric-mechanical-acoustic-transducers 
22 and 32 and one acoustic pipe 33. The speaker sys- 
tem 1500 may include three or more electric-mechani- 
cal-acoustic-transducers and three or more acoustic 
pipe. 

50 [0130] The electric-mechanical-acoustic-transducers 
22, 32 and 132 each may be a dynamic speaker, an 
electromagnetic speaker, a piezoelectric speaker, a 
static speaker or any type of speaker which outputs a 
sound from a diaphragm. 

55 [0131] In the speaker systems 1400 and 1500, the 
electric signal represents at least one of a received 
sound, a call arrival sound, and audio Information for a 
plurality of channels. When the electric signal repre- 
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sents at least one of the received sound and the call 

arrival sound, the electric signal is input to the plurality 
of electric-nnechanical-acoustic-transducers 22, 32 and 
132. When the electric signal represents the audio in- 
formation for the plurality of channels, an electric signal 5 
representing audio information for each of the plurality 
of channels is input to a respective one of the electric- 
nnechanical-acoustic-transducers 22, 32 and 132. 

(Exannple 5) io 

[0132] A mobile terminal device 2000 according to a 
fifth example of the present invention will be described 
with reference to Figures 13 and 14. Figure 13 is a par- 
tially cut plan view of the mobile terminal device 2000. 15 
Figure 14 is a block diagram illustrating an internal struc- 
ture of the mobile terminal device 2000. 
[0133] In this example, the mobile tenninal device 
2000 is described as a cellular phone. However, the mo- 
bile terminal device 2000 is not limited to a cellular 20 
phone. The mobile terminal device 2000 may be, for ex- 
ample, a PDA, a beeper, or a wristwatch. 
[0134] The mobile terminal device 2000 includes a 
first housing 100, a second housing 101 including, for 
example, a built-in signal receiving circuit, a signal re- 25 
ceiving antenna 102 attached to the second housing 
101 , and a speaker system 1201 . The first housing 1 00 
includes an electric circuit, a connector and the like (not 
shown) built therein. The speaker system 1201 is a mod- 
ification example of the speaker system 1 200 described 50 
in the third example. The speaker system 1 201 includes 
a display panel 221 instead of the display panel 21 in- 
cluded in the speaker system 1200. The display panel 
221 is, for example, a liquid crystal display, and has a 
function similar to that of the display 21 . In the speaker 35 
system 1201, the display panel 221 and a peripheral 
portion 35 of the transparent panel 34 are supported by 
the second housing 101. The speaker system 1201 in- 
cludes a space 237 between the display panel 221 and 
the transparent panel 34. The space 237 is preferably 40 
a closed space. The display panel 221 is supported by 
the second housing 101 such that an image displayed 
in the display panel 221 can be viewed from outside. 
[01 35] An exemplary operation of the mobile terminal 
device 2000 will be described. 45 
[0136] The operation of the speaker system 1201 is 
substantially the same as that of the speaker system 

1200 described in the third example. 

[0137] When an electric signal representing a re- 
ceived sound (for example, the voice of a caller) is ap- 50 
plied to the electric-mechanical-acoustic-transducer 32 
(Figure 14), the received sound is reproduced from the 
transparent panel 34. In this case, the speaker system 

1201 acts as a receiver, which is a speaker for repro- 
ducing the received sound. 55 
[0138] When an electric signal representing, for ex- 
ample, a call arrival sound, music, voice or a sound ef- 
fect for a game is applied to the electric-mechanlcal- 



26 

acoustic-transducer 32, the call arrival sound, the mu- 
sic, the voice or the sound effect for the game is repro- 
duced from the transparent panel 34. In this case, the 
speaker system 1201 acts as a loudspeaker. 
[0139] In the case where the mobile terminal device 
2000 is a telephone having a function of, for example, 
a video telephone, an image signal is applied to the dis- 
play panel 221 so as to display the face of a person on 
the other end in the display panel 221 , and concurrently 
the voice of the person represented by a voice signal is 
reproduced from the transparent panel 34. 
[0140] As in the first example, the speaker system 
1201 according to the present invention can sufficiently 
vibrate the transparent panel 34 having a large area and 
a great weight by a small force. Accordingly, even when 
the display panel 221 of the mobile terminal device 2000 
has a large area and thus the transparent panel 34 also 
has a large area, the transparent panel 34 can be suffi- 
ciently vibrated. In addition, the surface from which the 
sound is output is the same as the surface on which the 
image Is displayed. Therefore, the position where the 
image is displayed to the user can be the same as the 
position from which the sound is output to the user. 
Thus, a more realistic acoustic signal reproduction is re- 
alized. Such a mobile terminal device 2000 is optimum 
for simultaneously reproducing the sound and the im- 
age. 

[0141] When the transparent panel 34 operates as a 
diaphragm of the receiver for reproducing a received 
sound, the received sound is reproduced from the entire 
surface of the transparent panel 34. Therefore, at which- 
ever position of the large transparent panel 34 the user's 
ear may contact, the user can hear the sound. Since it 
is not necessary to put the user's ear at a particular po- 
sition, the user's ear is never deviated from the sound 
source. Such a mobile terminal device 2000 allows es- 
pecially an aged user to easily hear the received sound. 
[0142] The operation of the mobile tenninal device 
2000 will be further described with reference to Figure 
14. 

[0143] The mobile terminal device 2000 includes a 

signal outputsection 120 foroutputting an electric signal 
based on a wireless signal received by the antenna 1 02. 
The signal outputsection 120 includes a wireless signal 
processing section 121 and an electric signal amplifica- 
tion section 122. 

[0144] The antenna 102 receives a wire I ess signal ex- 
ternally sent (for example, sent from a relay station for 
cellular phones). The wireless signal represents a call 
arrival sound, a received sound, music, an image or the 

like. 

[0145] When the antenna 102 receives a wireless sig- 
nal representing a call arrival sound, the wireless signal 
processing section 121 outputs a call arrival sound sig- 
nal representing the call arrival sound so as to notify the 
user of a call arrival. The call arrival sound signal is am- 
plified by the electric signal amplification section 122 
and applied to the electric-mechanical-acoustic-trans- 



EP 1 271 998 A2 



14 



27 



EP 1 271 998 A2 



28 



ducer 32, and the transparent panel 34 reproduces the 
call arrival sound. The call arrival sound signal may be 
a signal representing a preset call sound or an audio 
signal obtained by data distribution or the like. When the 
user learns of the call arrival and puts the mobile termi- s 
nal device 2000 into a call receivable state, the wireless 
signal processing section 121 outputs a received sound 
signal representing a received sound (for example, the 
voice of the caller). The received sound signal is ampli- 
fied by the electric signal amplification section 122 and fo 
applied to the electric-mechanical-acoustic-transducer 
32. Thus, the transparent panel 34 reproduces the re- 
ceived sound. 

[0146] In this case, the user can select one of two 
methods of using the mobile terminal device 2000: (i) a 15 
method of putting his/her ear into contact with the trans- 
parent panel 34 as in a general cellular phone; and (ii) 
a method of using the mobile terminal device 2000 in a 
hands free mode, from a position away from the mobile 
terminal device 2000. In the hands free mode, the am- 20 
plification ratio of the electric signal amplification section 
122 is increased so as to raise the reproduction sound 
volume. Also in the hands free mode, when both of the 
telephones (telephones of the caller and the user) in- 
clude a camera so as to provide a function of a video 25 
telephone, the caller and the user can talk while seeing 
each other's face on the display panel 221 based on the 
image signal. The image signal represents a moving pic- 
ture, a still picture, character information or other imag- 
es. When the antenna 102 receives a wireless signal 50 
representing an image and the wireless signal output 
section 121 outputs an image signal to the display panel 
221 , the image is displayed in the display panel 221 . 
[0147] In the case where the mobile terminal device 
2000 is used in a hands free mode, the speaker system 35 
1201 acts as a loudspeaker. Use of the mobile terminal 
device 2000 as the loudspeaker realizes, for example, 
reproduction of a music signal downloaded through the 
Internet. 

[0148] The function of the mobile terminal device 40 
2000 of simultaneously reproducing an image and a 
sound is effective for, for example, reproducing a pro- 
motional video of a music tune or using the mobile ter- 
minal device 2000 as a game machine. 
[0149] The mobile terminal device 2000 may include 45 
the speaker system 1000 in the first example instead of 
the speaker system 1201 . 

(Example 6) 

50 

[0150] A mobile terminal device 2100 according to a 
sixth example of the present invention will be described 
with reference to Figures 15 and 16. Figure 15 is a par- 
tially cut plan view of the mobile terminal device 2100. 
Figure 16 is a block diagram illustrating an internal struc- 55 
ture of the mobile terminal device 2100. 
[0151] In this example, the mobile terminal device 
21 00 is described as a cellular phone. However, the mo- 



bile terminal device 2100 is not limited to a cellular 
phone. 

[0152] The mobile terminal device 2100 includes a 
first housing 100, a second housing 101 including, for 
example, a built-in signal receiving circuit, a signal re- 
ceiving antenna 102 attached to the second housing 
1 01 , and a speaker system 1 301 . The first housing 1 00 
includes an electric circuit, a connector and the like (not 
shown) built therein . The speaker system 1 301 is a mod- 
ification example of the speaker system 1 300 described 
in the third example. The speaker system 1301 includes 
a display panel 221 instead of the display panel 21 in- 
cluded in the speaker system 1300. In the speaker sys- 
tem 1 301 , the display panel 221 is supported by the sec- 
ond housing 101 such that an image displayed in the 
display panel 221 can be viewed from outside. 
[0153] An exemplary operation of the mobile terminal 
device 2100 will be described. The mobile terminal de- 
vice 2100 is different from the mobile terminal device 
2000 in that the mobile terminal device 2100 includes 
the speaker system 1301 instead of the speaker system 
1201 Included In the mobile terminal device 2000. The 
structure of the mobile terminal device 21 00 is substan- 
tially the same as that of the mobileterminal device 2000 
exceptforthe speaker system, and operates in substan- 
tially the same manner as the mobile terminal device 
2000. The speaker system 1301 includes the substrate 
227. The substrate 227 provides the effect as described 
in the third example. The operation of the speaker sys- 
tem 1301 is substantially the same as that of the speaker 
system 1300 described in the third example. 
[0154] When an electric signal representing a re- 
ceived sound is applied to the electric-mechanical- 
acoustic-transducer 32 (Figure 16), the received sound 
is reproduced from the transparent panel 224. In this 
case, the speaker system 1 301 acts as a receiver, which 
is a speaker for reproducing the received sound. 
[0155] When an electric signal representing, for ex- 
ample, a call arrival sound, music, voice or a sound ef- 
fect for a game is applied to the electric-mechanical- 
acoustic-transducer 32, the call arrival sound, the mu- 
sic, the voice or the sound effect for the game is repro- 
duced from the transparent panel 224. In this case, the 
speaker system 1301 acts as a loudspeaker. 
[0156] In the case where the mobile terminal device 
2100 is a telephone having a function of, for example, 
a video telephone, an image signal is applied to the dis- 
play panel 221 so as to display the face of a person on 
the other end in the display panel 221 , and concurrently 
the voice of the person represented by a voice signal is 
reproduced from the transparent panel 224. 
[0157] The operation of the mobile terminal device 
2100 will be further described with reference to Figure 
16. 

[0158] The mobile terminal device 2100 includes a 
signal output section 120 foroutputting an electric signal 
based on a wireless signal received by the antenna 1 02. 
The signal output section 1 20 includes a wireless signal 
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processing section 121 and an electric signal amplifica- 
tion section 122. The operation of the nnobile terminal 
device 2100 of receiving a wireless signal and driving 
the speaker system 1301 is substantially the same as 
that of the mobile terminal device 2000. s 
[0159] The mobile terminal device 2100 may include 
the speaker system 1000 in the first example instead of 
the speaker system 1301 . 

[0160] In this example, the mobile terminal device in- 
cluding a speaker system according to the present in- io 
vention is described. A speaker system according to the 
present invention is applicable to an electronic device 
having a display panel, for example, a TV, a personal 
computer, a game machine, or a car navigation system. 

15 

(Example 7) 

[0161] A mobile terminal device 2200 according to a 
seventh example of the present invention will be de- 
scribed with reference to Figures 17 and 18. Figure 17 20 
is a partially cut plan view of the mobile terminal device 
2200. Figure 18 is a block diagram illustrating an internal 
structure of the mobile terminal device 2200. 
[0162] In this example, the mobile tenninal device 
2200 is described as a cellular phone. However, the mo- 25 
bile terminal device 2200 is not limited to a cellular 
phone. 

[0163] The mobile terminal device 2200 includes a 
first housing 100, a second housing 101 including, for 
example, a built-in signal receiving circuit, a signal re- 50 
ceiving antenna 102 attached to the second housing 
101, and a speaker system 1501. The first housing 100 
includes an electric circuit, a connector and the like (not 
shown) builttherein. The speakersystem 1501 is a mod- 
ification example of the speaker system 1 500 described 35 
in the fourth example. The speaker system 1501 in- 
cludes a display panel 221 instead of the display panel 
21 included in the speakersystem 1500. In the speaker 
system 1501, the display panel 221 and the substrate 
227 are supported by the second housing 101 . The dis- 40 
play panel 221 is supported by the second housing 1 01 
such that an image displayed in the display panel 221 
can be viewed from outside. 

[01 64] An exemplary operation of the mobile terminal 
device 2200 will be described. 45 
[0165] The operation of the speaker system 1501 is 
substantially the same as that of the speaker system 
1500 described in the fourth example. 
[0166] When an electric signal representing a re- 
ceived sound is applied to at least one of the electric- 50 
mechanical-acoustic-transducers 22 and 32 (Figure 
18), the received sound is reproduced from the trans- 
parent panel 224. In this case, the speaker system 1 501 
acts as a receiver, which is a speaker for reproducing 
the received sound. 55 
[0167] When an electric signal representing, for ex- 
ample, a call arrival sound, music, voice or a sound ef- 
fect for a game is applied to at least one of the electric- 
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mechanical-acoustic-transducers 22 and 32, the call ar- 
rival sound, the music, the voice or the sound effect for 
the game is reproduced from the transparent panel 224. 
In this case, the speaker system 1501 acts as a loud- 
speaker. 

[0168] When the same electric signal is applied to the 
electric-mechanical-acoustic-transducers 22 and 32, 
the sound pressure level can be improved as compared 
to the sound pressure level obtained by a speaker sys- 
tem including one electric-mechanical-acoustic-trans- 
ducer, with a given power consumption. As described 
above, the speaker system 1501 can reproduce audio 
signals for a plurality of channels. For, for example, re- 
producing audio signals representing music in stereo, a 
music signal for the right channel is applied to the elec- 
tric-mechanical-acoustic-transducer 22 and a music 
signal for the left channel is applied to the electric-me- 
chanical-acoustic-transducer 32. Thus, the music is re- 
produced in stereo from the transparent panel 224, 
[0169] In the case where the mobile terminal device 
2200 is a telephone having a function of, for example, 
a video telephone, an image signal is applied to the dis- 
play panel 221 so as to display the face of a person on 
the other end in the display panel 221 , and concurrently 
the voice of the person represented by a voice signal is 
reproduced from the transparent panel 224. 
[0170] As in the first example, the speaker system 
1501 according to the present invention can sufficiently 
vibrate the transparent panel 224 having a large area 
and a great weight by a small force. Accordingly, even 
when the display panel 221 of the mobileterminal device 
2200 has a large area and thus the transparent panel 
224 also has a large area, the transparent panel 224 
can be sufficiently vibrated. In addition, the surface from 
which the sound is output is the same as the surface on 
which the image is displayed. Therefore, the position 
where the image is displayed to the user can be the 
same as the position from which the sound is output to 
the user. Thus, a more realistic acoustic signal repro- 
duction is realized. 

[0171] The operation of the mobile tenninal device 
2200 will be further described with reference to Figure 
18. 

[0172] The mobile terminal device 2200 includes a 
signal output section 320 for outputting an electric signal 
based on a wireless signal received by the antenna 1 02. 
The signal output section 320 includes a wireless signal 
processing section 121 and electric signal amplification 
sections 122 and 222. 

[0173] The antenna 102 receives a wireless signal ex- 
ternally sent (for example, sent from a relay station for 
cellular phones). The wireless signal represents a call 
arrival sound, a received sound, music, an image or the 
like. 

[0174] When the antenna 102 receives a wireless sig- 
nal representing a call arrival sound, the wireless signal 
processing section 121 outputs a call arrival sound sig- 
nal representing the call arrival sound so as to notify the 
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user of a call arrival. The call arrival sound signal is am- 
plified by at least one of tlie electric signal amplification 
sections 122 and 222 and applied to at least one of the 
electrlc-mechanlcal-acoustic-transducers 22 and 32, 
and the transparent panel 224 reproduces the call arriv- 
al sound. The call arrival sound signal may be a signal 
representing a preset call sound or an audio signal ob- 
tained by data distribution or the like. When the call ar- 
rival sound signal Is Input in the form of stereo audio 
signals, the audio signal forthe right channel is amplified 
by the electric signal amplification section 122 and ap- 
plied to the electric-mechanical-acoustic-transducer 22, 
and the audio signal forthe left channel is amplified by 
the electric signal amplification section 222 and applied 
to the electric-mechanical-acoustic-transducer 32. 
Thus, the transparent panel 34 reproduces a stereo 
sound. When the user learns of the call arrival and puts 
the mobile terminal device 2200 Into a call receivable 
state, the wireless signal processing section 121 out- 
puts a received sound signal representing a received 
sound (for example, the voice of the bailer). The re- 
ceived sound signal Is amplified by at least one of the 
electric signal amplification sections 122 and 222 and 
applied to at least one of the electric-mechanical-acous- 
tic-transducers 22 and 32. Thus, the transparent panel 
224 reproduces the received sound. 
[0175] In this case, the user can select one of two 
methods of using the mobile terminal device 2200: (1) 
a method of putting his/her ear into contact with the 
transparent panel 224 as in a general cellular phone; 
and (ii) a method of using the mobile terminal device 
2200 in a hands free mode, from a position away from 
the mobile terminal device 2200. In the hands free 
mode, the amplification ratio of the electric signal ampli- 
fication sections 122 and 222 is increased so as to raise 
the reproduction sound volume. Also in the hands free 
mode, when both of the telephones (telephones of the 
caller and the user) Include a camera so as to provide 
a function of a video telephone, the caller and the user 
can talk while seeing each other's face on the display 
panel 221 based on the image signal. The image signal 
represents a moving picture, a still picture, character in- 
formation or other images. When the antenna 102 re- 
ceives a wireless signal representing an image and the 
signal output section 320 outputs an image signal to the 
display panel 221 , the image Is displayed In the display 
panel 221. 

[0176] In the case where the mobile terminal device 
2200 Is used in a hands free mode, the speaker system 
1501 acts as a loudspeaker. Use of the mobile terminal 
device 2200 as the loudspeaker realizes, for example, 
reproduction of a music signal downloaded through the 
Internet. 

[0177] The function of the mobile terminal device 
2200 of simultaneously reproducing an image and a 
sound is effective for, for example, reproducing a pro- 
motional video of a music tune or using the mobile ter- 
minal device 2200 as a game machine. 



[0178] In the mobile terminal device 2200, the electric 

signal represents at least one of a received sound, a call 
arrival sound, and audio information for a plurality of 
channels. When the electric signal represents at least 

5 one of the received sound and the call arrival sound, the 
electric signal is input to the plurality of electric-mechan- 
ical-acoustic-transducers 22 and 32. When the electric 
signal represents the audio information for the plurality 
of channels, an electric signal representing audio infor- 

10 mation for each of the plurality of channels is input to a 
respective one of the electric-mechanical-acoustic- 
transducers 22 and 32. 

[0179] The mobile terminal device 2200 may include 
the speaker system 1400 in the fourth example instead 

15 of the speaker system 1 501 . In this case, the operation 
of the speaker system 1400 is substantially the same as 
that of the speaker system 1 501 . 
[0180] In this example, the mobile terminal device in- 
cluding a speaker system according to the present in- 

20 vention is described. A speaker system according to the 
present invention is applicable to an electronic device 
having a display panel, for example, a TV, a personal 
computer, a game machine, or a car navigation system. 

25 (Example 8) 

[01 81 ] A mobile terminal device 2300 according to an 
eighth example of the present invention will be de- 
scribed with reference to Figures 19A, 19B, 19C and 

30 20. Figure 19A Is a partially cut plan view of the mobile 
terminal device 2300. Figure 19B is a partially cut side 
view of the mobile terminal device 2300. Figure 19C is 
a bottom view of the mobile terminal device 2300. 
[0182] In this example, the mobile terminal device 

35 2300 is described as a cellular phone. However, the mo- 
bile terminal device 2300 is not limited to a cellular 
phone. 

[0183] The mobile terminal device 2300 includes a 
first housing 100, a second housing 201, a signal receiv- 

40 ing antenna 102 attached to "the second housing 201 , 
and a speaker system 1 600. The speaker system 1600 
is a modification example of the speaker system 1300 
described in the third example. The speaker system 
1600 includes an electric-mechanical-acoustic-trans- 

45 ducer 322 instead of the electric-mechanical-acoustic- 
transducer 32. In the speaker system 1 600, the display 
panel 221 and the substrate 227 are supported by the 
second housing 201. The second housing 201 has a 
sound hole 423. The second housing 201 includes an 

50 electric circuit, a connector and the like (not shown) built 
therein. 

[0184] With reference to Figure 20, the electric-me- 
chanical-acoustic-transducer 322 will be described. The 
electrlc-mechanical-acoustic-transducer322 includes a 
55 cylindrical first magnet 520, an annular second magnet 
521 provided so as to surround the first magnet 520, a 
yoke 522 for connecting the first magnet 520 and the 
second magnet 521, a first voice coil 527 provided In a 
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first magnetic gap 525 between the first nnagnet 520 and 
the yoke 522, a second voice coil 528 provided in a sec- 
ond magnetic gap 526 between the second magnet 521 
and the yol<e 522, a first diaphragm 529 connected to 
the first voice coil 527, a second diaphragm 530 provid- 
ed oppositely to the diaphragm 529 with respect to the 
first magnet 520 and connected to the second voice coil 
528, a disc-shaped first magnetic plate 523 provided be- 
tween the first diaphragm 529 and the first magnet 520, 
an annular second magnetic plate 524 provided be- 
tween the second diaphragm 530 and the second mag- 
net 521, a first housing 531 for supporting the first dia- 
phragm 529, the second diaphragm 530 and the second 
magnet 521 , and a second housing 532 for covering the 
first diaphragm 529 provided oppositely to the dia- 
phragm 529 with respect to the first magnet 520. The 
second housing 532 is connected to the acoustic pipe 
33. 

[0185] An exemplary operation of the electric-me- 
chanical-acoustic-transducer 322 will be described. 
[0186] When an electric signal is applied to the first 
voice coil 527 inserted into the first magnetic gap 525, 
a driving force is generated in the first voice coil 527. 
Then, the first diaphragm 529 connected to the first 
voicecoil 527 is vibrated so as to generate a sound. Sim- 
ilarly, when an electric signal is applied to the second 
voice coil 528 inserted into the second magnetic gap 
526, a driving force is generated in the second voice coil 
528. Then, the second diaphragm 530 connected to the 
second voice coil 528 is vibrated so as to generate a 
sound. 

[01 87] The sound output from the first diaphragm 529 
is transferred to the space 226 via the acoustic pipe 33, 
and thus the sound is output from the transparent panel 
224. The sound output from the second diaphragm 530 
is transferred outside the mobile terminal device 2300 
via the sound hole 423 (Figure 19B). 
[0188] In the electric-mechanical-acoustic-transduc- 
er 322, the first voice coil 527 inserted into the first mag- 
netic gap 525 is driven using the first magnet 520, and 
the second voice coil 528 inserted Into the second mag- 
netic gap 526 is driven using the second magnet 521. 
Since the first and second magnets 527 and 528 are 
driven by different magnets, the driving force generated 
in each of the first and second voice coils 527 and 528 
can be increased. Thus, the electric-mechanical-acous- 
tic-transducer 322 can generate a sound having a large 
volume. 

[0189] The first voice coil 527 and the second voice 

coll 528 are independently drivable from each other. A 
call arrival sound or a received sound which is output 
from the first diaphragm 529 is transferred to the space 
226 via the acoustic pipe 33. Thus, the call arrival sound 
or the received sound is output from the transparent 
panel 224. The housing 100 and the second housing 
101 can be folded with respect to each other along a 
connection section 200. When the mobile terminal de- 
vice 2300 is open (i.e., when the housing 100 and the 



second housing 101 are not folded with respect to each 

other), the user can clearly hear the call arrival sound 
output from the transparent panel 224. By contrast, 
when the mobile terminal device 2300 is closed (i.e., 

5 when the housing 100 and the second housing 101 are 
folded with respect to each other), the call arrival sound 
output from the transparent panel 224 is shielded by the 
first housing 100, malting it difficult for the user to hear 
the call arrival sound. In order to avoid this, the call ar- 

10 rival sound is output from the second diaphragm 530 
when the mobile terminal device 2300 is closed. Thus, 
the user can clearly hear the call arrival sound. In a con- 
ventional foldable mobile terminal device, it is desired 
that two electric-mechanical-acoustic-transducers are 

15 provided: one for both outputting a sound outside in a 
closed state, and the other for realizing a dialog in an 
open stets. This enlarges the space required for the 
electric-mechanical-acoustic-transducers. In the mobile 
terminal device 2300 according to the present invention, 

20 one eleotric-mechanical-acoustic-transducer is usable 
both for outputting a sound outside in a closed state and 
realizing a dialog in an open state. This reduces the 
space for the electric-mechanical-acoustic-transducer. 
[0190] The speaker system 1200 in the third example 

25 including the electric-mechanical-acoustic-transducer 
322 instead of the electric-mechanical-acoustic-trans- 
ducer 32 may be used instead of the speaker system 
1600. 

30 (Example 9) 

[0191] An electronic device 2400 according to a ninth 
example of the present invention will be described with 
reference to Figures 21 A and 21 B. Figure 21 A is a plan 

35 view of the electronic device 2400. Figure 218 is a 
cross-sectional view of the electronic device 2400 taken 
along chain line K-L shown in Figure 21 A. 
[0192] In this example, the electronic device 2400 is 
described as a PDA. However, the electronic device 

40 2400 is not limited to a PDA. 

[0193] The electronic device 2400 includes a housing 
150 and a speaker system 1700. The speaker system 
1700 is a modification example of the speaker system 
1200 described in the third example (Figures 7A and 

45 78). The speaker system 1700 includes a display panel 
321 and a transparent panel 234 instead of the display 
panel 21 and the transparent panel 34. The display pan- 
el 321 has substantially the same function as that of the 
display panel 21 . The transparent panel 234 is a film 

50 formed of PET, acrylic resins or othertransparent resins. 
The electronic device 2400 includes a space 337 be- 
tween the display panel 321 and the transparent panel 
234. The space 337 is preferably a closed space. In the 
speaker system 1700, the display panel 321 and trans- 

55 parent panel 234 are supported by the housing 150. The 
display panel 321 is supported such that an image dis- 
played in the display panel 321 can be viewed from out- 
side. 
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[01 94] A surface of the transparent panel 234 is coat- 
ed with a conductive film 160 such that the resistivity of 
the surface of the transparent panel 234 is uniform. The 
transparent panel 234 acts as a transparent conductor. 
Electrodes 156, 157, 158 and 159 are provided along 
the four sides of the surface of the transparent panel 
234. The electronic device 2400 also includes a control 
section 155 for processing an image signal and an 
acoustic signal. The display panel 321 Is driven by the 
control section 155 so as to drive operation menu icons 

161 or the lil<e. The control section 155 applies a voltage 
to the electrodes 156, 157, 158 and 159. The transpar- 
ent panel 234 acts as a touch panel. 

[0195] An exemplary operation of the electronic de- 
vice 2400 will be described, The speaker system 1700 
operates in substantially the same manner as the 
speaker system 1200. 

[0196] The userputs an icon click-dedicated input pen 

1 62 orthe user's finger as a contact member into contact 
with a position of the transparent panel 234 correspond- 
ing to one of the operation menu Icons 161 and applies 
a pressure to the position. When the icon click-dedicat- 
ed input pen 1 62 or the user's finger contacts the trans- 
parent panel 234, a current flows from the electrodes 
156, 157, 158 and 159 to the Icon click-dedicated Input 
pen 162 owing to the static capacitance of the icon click- 
dedicated input pen 1 62 or the user's finger. By the flow 
of the current through the electrodes 156, 157, 158 and 
159, the contact of the icon click-dedicated input pen 
162 to the transparent panel 234 is detected. Based on 
the value of the current flowing through each of the elec- 
trodes 156, 157, 158 and 159, the control section 155 
calculates the coordinate value of the position of the 
transparent panel 234 which is In contact with the icon 
click-dedicated input pen 162 orthe user's finger. In ac- 
cordance with the content of the operation menu icon 
1 61 corresponding to the detected coordinate value, the 
control section 1 55 causes the electronic device 2400 
to perform a prescribed function (for example, sending 
or receiving of an electronic mail). 

[0197] An operation of a general touch panel Is dis- 
closed by Japanese Laid-Open Publication No. 
9-265341 . According to the present invention, the trans- 
parent panel 234 acts as a static capacitance system 
touch panel. Namely, the transparent panel 234 is used 
both as a touch panel and a transparent panel for acous- 
tic signal reproduction. The electronic device including 
the touch panel has a space between the display panel 
and the touch panel. The sound output from the electric- 
mechanical-acoustic-transducer is transferred to the 
space, and thus the sound is output from the touch pan- 
el. 

[0198] An electronic device, including a panel which 
Is usable both as the touch panel and the transparent 
panel for acoustic signal reproduction, reproduces a 
sound from the touch panel. The component for acoustic 
signal reproduction can be simplified. In such an elec- 
tronic device, a speaker system according to the present 



invention can be easily produced. The touch panel is 

transparent and transmissive with respect to visible 
light. Therefore, the touch panel does not shield an im- 
age displayed in the display panel. 
5 [0199] In this example, the transparent panel 234 is 
also used as a static capacitance system touch panel. 
Alternatively, the transparent panel 234 may also be 
used as an optical system touch panel. The optical sys- 
tem touch panel includes a plurality of light emitting el- 
10 ements and a plurality of light receiving elements, The 
optical system touch panel detects that the light emitted 
by one of light emitting elements is shielded before 
reaching the corresponding light receiving element, and 
thus detects the position of the transparent panel 234 
15 which is in contact with the contact member. Still alter- 
natively, the transparent panel 234 may be, for example, 
an electromagnetic induction type system panel or an 
ultrasonic system touch panel. The electromagnetic in- 
duction system touch panel uses a loop antenna to de- 
20 tect the position of the transparent panel 234 which is 
in contact with a contact member including a resonating 
circuit. The ultrasonic system touch panel uses a vibra- 
tion sensor to detect the position of the transparent pan- 
el 234 which is in contact with a contact member includ- 
es ing an ultrasonic diaphragm. Regardless of the system, 
substantially the same effect is provided. In any of these 
systems, one panel can be used both as a touch panel 
and a vibration panel. The method for detecting the po- 
sition in the transparent panel 234 using the touch panel 
30 is not limited to the above. 

[0200] The speaker system 1300 described in the 
third example may be used in the speaker system 1700. 

(Example 1 0) 

35 

[0201] An electronic device 2500 according to a tenth 
example of the present invention will be described with 
reference to Figures 22A and 22B. Figure 22A Is a plan 
view of the electronic device 2500. Figure 22B is a 

40 cross-sectional view of the electronic device 2500 taken 
along chain line M-N shown in Figure 22A. 
[0202] In this example, the electronic device 2500 is 
described as a PDA. However, the electronic device 
2500 is not limited to a PDA, but may be an Installation 

45 type electronic device. 

[0203] The electronic device 2500 includes a housing 
250 and a speaker system 1800. The speaker system 
1800 is a modification example of the speaker system 
1300 described In the third example (Figures 9A and 

50 9B). The speaker system 1 800 includes a display panel 
321, a transparent panel 324 and a substrate 327 in- 
stead of the display panel 21 , the transparent panel 224 
and the substrate 227. The display panel 324 is a film 
formed of PET, acrylic resins or othertransparent resins. 

55 The substrate 327 is formed of a transparent material 
formed of, for example, polycarbonate. In the speaker 
system 1800, the display panel 321 and the substrate 
327 are supported by the housing 250. The display pan- 
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el 321 is supported by the housing 250 such that an inn- 
age displayed in the display panel 321 can be viewed 
from outside. The substrate 327 has a sound hole 613, 
which is communicated to the opening 36 of the acoustic 
pipe (not shown in Figure 22A or 22B). s 
[0204] A transparent electrode 1 1 4 having an electric 
resistance is provided on a top surface of the substrate 
327. A transparent electrode 124 having an electric re- 
sistance is provided on a bottom surface of the trans- 
parent panel 324. On a top surface of two shorter sides fo 
of the spacer 625, electrodes 131 and 132 are provided 
for detecting an electric resistance. The electrodes 131 
and 132 are in contact with the transparent electrode 
124. On a bottom surface of two longer sides of the 
spacer 625, electrodes 1 33 and 1 34 are provided for de- ^5 
tecting an electric resistance. The electrodes 133 and 
134 are in contact with the transparent electrode 114. 
The electronic device 2500 includes a space 326 be- 
tween the transparent electrode 114 provided on the 
substrate 327 and the transparent electrode 1 24 provid- 20 
ed on the transparent panel 324. The transparent panel 
324 and the substrate 327 are connected to each other 
via a spacer 625. The space 326 is preferably a closed 
space. The electronic device 2500 further includes a 
control section 255 for processing an Image signal and 25 
an acoustic signal. The display panel 321 is driven by 
the control section 255 and displays, for example, oper- 
ation menu icons 161. The control section 255 applies 
a voltage to the electrodes 131 , 132, 133 and 134. The 
transparent panel 324 and the substrate 327 act as a 30 
touch panel. The transparent electrode 114 has a rec- 
tangular sound hole 623. 

[0205] An exemplary operation of the electronic de- 
vice 2500 will be described. The speaker system 1800 
operates in substantially the same manner as the 35 
speaker system 1300 described in the third example. 
[0206] The control section 155 applies a voltage to the 
electrodes 156, 157, 158 and 159. The user puts the 
icon click-dedicated input pen 162 (Figure 21 A) or the 
user's finger as a contact member into contact with a 40 
position of the transparent panel 324 corresponding to 
one of the operation menu icons 161 displayed in the 
display panel 321 and applies a pressure to the position. 
The application of the pressure causes the transparent 
electrode 114 and the transparent electrode 124 into 45 
contact with each other Thus, an electric current flows 
to each of the electrodes 131, 132, 133 and 134, and 
the contact of the icon click-dedicated input pen 162 to 
the transparent panel 324 is detected. The control sec- 
tion 255 detects the value of the current flowing through 50 
each of the electrodes 131, 132, 133 and 134. Based 
on the value of the current, the electric resistance be- 
tween the electrodes 131 , 132, 133 and 134 is calculat- 
ed. Based on the calculated electric resistance, the con- 
trol section 255 calculates the coordinate value of the 55 
position at which the transparent electrodes 114 and 
124 contact each other. The control section 255 causes 
the electronic device 2500 to operate with a prescribed 



function in accordance with the content of the menu icon 
161 corresponding to the detected coordinate value. 
[0207] In this example, the transparent panel 324 acts 
as a resistance film system touch panel. In other words, 
the transparent panel 324 acts both as a touch panel 
and as a transparent panel for acoustic signal reproduc- 
tion. The acoustic pipe is provided in connection with 
the space 326, and a sound output from an electric-me- 
chanical-acoustic-transducer is transf en^ed to the space 
326. Thus, the sound from the touch panel can be easily 
output. In a structure of using a resistance film system 
touch panel, a space is necessarily and easily provided 
between the touch panel and the display panel or the 
substrate. 

[0208] An electronic device, including a panel which 
is usable both as the touch panel and the transparent 
panel for acoustic signal reproduction, reproduces a 
soundfrom the touch panel. The componentfor acoustic 
signal reproduction can be simplified. In such an elec- 
tronic device, a speaker system according to the present 
invention can be easily produced. The touch panel is 
transparent and transmlsslve with respect to visible 
light. Therefore, the touch panel does not shield an Im- 
age displayed in the display panel. 
[0209] The spacer 625 Is provided In order to form the 
space 326 between the substrate 327 and the transpar- 
ent panel 324 for transferring a sound. The spacer 625 
may be an adhesive or an adhesive film. 
[021 0] In this example, the transparent panel 324 also 
acts as a resistance film system touch panel. Alterna- 
tively, the transparent panel 324 may also act as, for ex- 
ample, an electrostatic system, an optical system, an 
electromagnetic system, or an ultrasonic system touch 
panel . Regardless of the system , substantially the same 
effect is provided. 

[0211] The substrate 327 may be omitted and the 
transparent electrode 124 may be provided on the dis- 
play panel 321 . By omitting the substrate 327, the struc- 
ture of the electronic device 2500 is further simplified. 
The speaker system 1200 in the third example may be 
used instead of the speaker system 1800. 

(Example 1 1 ) 

[0212] In the electronic device 2400 in the ninth ex- 
ample and the electronic device 2500 in the tenth ex- 
ample, the transparent panels 234 and 324 are provided 
such that an image displayed in the display panel 321 
is viewed through the transparent panels 234 and 324. 
A panel for acoustic signal reproduction also acting as 
a touch panel can operate as a touch panel even though 
it is not transparent. In this case, the display panel below 
the panel for acoustic signal reproduction is omitted, but 
a sound can be output from the panel for acoustic signal 
reproduction by forming a space below the panel for 
acoustic signal reproduction for transferring the sound. 
In an eleventh example of the present Invention, an elec- 
tronic device 2401 including such a non -transparent 
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panel will be described with reference to Figures 23A 
and 23B. 

[0213] Figure 23A is a plan view of the electronic de- 
vice 2401 , and Figure 23B is a cross-sectional view of 
the electronic device 2401 taken along chain line K1-L2 
shown in Figure 23 A. 

[0214] The electronic device 2401 includes a speaker 
system 1701 and a housing 650 for supporting the 
speaker systenn 1701. The speaker system 1701 in- 
cludes a panel 634, an electric-mechanical-acoustic- 
transducer 32, and an acoustic pipe 33. The acoustic 
pipe 33 acts as an acoustic signal transfer member for 
transferring a sound output from the electric-mechani- 
cal-acoustic-transducer 32 to a space 637 provided be- 
tween the panel 634 and the housing 650. A peripheral 
portion of the panel 634 is supported by the housing 650, 
and the panel 634 is vibrated by the sound transferred 
from the electric-mechanical-acoustic-transducer 32 to 
the space 637 via the acoustic pipe 33. The space 637 
is preferably a closed space. 

[0215] The speaker system 1701 is obtained by elim- 
inating the display panel 321 from the structure of the 
speaker system 1700 (Figure 21 B). The panel 634 is 
non-transparent. The operation of the panel 634 being 
vibrated by the sound output from the electric-mechan- 
ical-acoustic-transducer 32 and generating a sound is 
similar to the operation of the panel 234 being vibrated 
by the sound output from the electric-mechanical- 
acoustic-transducer 32 and generating a sound in the 
speaker system 1700. 

[0216] The panel 634 has an operation menu 661 on 
a surface thereof. The operation menu 661 is, for exam- 
ple, printed on the surface of the panel 634. The surface 
of the panel 634 with the operation menu 661 is coated 
with a conductive film 660 such that the resistivity of the 
surface of the transparent panel 634 is uniform. The 
panel 634 acts as a conductor. Electrodes 656, 657, 658 
and 659 are provided along the four sides of the surface 
of the transparent panel 634. The electronic device 2401 
includes a control section 655 for processing an acous- 
tic signal. The electronic device 2401 further Includes a 
control section 655 for processing an acoustic signal. 
The control section 655 applies a voltage to each of the 
electrodes 656, 657, 658 and 659. The panel 634 acts 
as a touch panel like the transparent panel 234 de- 
scribed In the ninth example. 

[0217] The userputs an icon click-dedicated inputpen 
662 orthe user's finger as a contact member into contact 
with a position of the transparent panel 634 correspond- 
ing to an item of the operation menu 661 and applies a 
pressure to the position. The operation for detecting the 
position of the transparent panel 634 which is in contact 
with the Icon click-dedicated input pen 662 orthe user's 
finger is substantially the same as the operation de- 
scribed in the ninth example. The control section 655 
causes the electronic device 2401 to operate with a pre- 
scribed function In accordance with the content of the 
item of the operation menu 661 at the detected position. 



[0218] In this example, the panel 634 also acts as a 

panel for acoustic signal reproduction . An electronic de- 
vice, including a panel which is usable both as thetouch 
panel and the panel for acoustic signal reproduction, re- 

5 produces a sound from the touch panel. 

[0219] The speaker system 1701 may further include 
a substrate so as to provide a space between the sub- 
strate and the panel 634. An electronic device 2402 in- 
cluding a speaker system 1702 Including a substrate 

10 427 will be described with reference to Figures 24A and 
24B. 

[0220] Figure 24A is a plan view of the electronic de- 
vice 2402, and Figure 248 is a cross-sectional view of 
the electronic device 2402 taken along chain line K2-L2 
15 shown in Figure 24A. 

[0221] The substrate 427 is provided so as to face the 
panel 634, and a space 737 Is provided between the 
substrate 427 and the transparent panel 634. The elec- 
tronic device 2402 includes a housing 750 forsupporting 
20 the substrate 427. The panel 634 and the substrate 427 
are connected to each other via a spacer 725. The 
space 737 Is preferably a closed space. The operation 
of the electronic device 2402 for generating a sound 
from the panel 634 and the operation of the panel 634 
25 as a touch panel are substantially the same as those of 
the electronic device 2401. 

[0222] In this example, the panel 634 also acts as a 
electrostatic capacitance system touch panel. Alterna- 
tively, electrodes as described in the tenth example may 
30 be provided on the panel 634, the housing 650 and the 
substrate 427, so that the panel 634 also acts as a re- 
sistance film system touch panel. The panel 634 may 
also act as, for example, an optical system, an electro- 
magnetic system, or an ultrasonic system touch panel. 
35 Regardless of the system , substantially the same effect 
is provided. 

(Example 12) 

40 [0223] An electronic device 2600 according to a 
twelfth example of the present invention will be de- 
scribed with reference to Figures 25 and 26. Figure 25 
is an isometric view of the electronic device 2600, and 
Figure 26 is a cross-sectional view of a speaker system 

45 included in the electronic device 2600 taken along chain 
line 0-P shown in Figure 25. 

[0224] In this example, the electronic device 2600 is 
described as a notebook computer, which Is a mobile 
terminal device. The electronic device 2600 is not limit- 
50 ed to a notebook computer The electronic device 2600 
may be, for example, an installation type electronic de- 
vice. 

[0225] The electronic device 2600 includes a housing 
170 for accommodating, for example, a CPU and mem- 
55 ories (not shown), and a speaker system 1900. 

[0226] The speaker system 1900 includes a display 
panel 421, a transparent panel 172 provided such that 
an image displayed in the display panel 421 is viewed 
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through the display panel 421, an electrlc-mechanical- 
acoustic-transducer422 having a diaphragm 45 (Figure 
26) for vibrating the diaphragm 45 in accordance with 
an electric signal so as to output a sound, and a housing 
173 for supporting the transparent panel 172 and the 5 
display panel 421. 

[0227] The speaker system 1 900 has a space 1 89 be- 
tween the display panel 421 and the transparent panel 

172. The space 189 is preferably a closed space. The 
housing 173 has a sound hole 288. The housing 173 
acts as an acoustic signal transfer member for transfer- 
ring a sound output from the electric-mechanical-acous- 
tic-transducer 422 to the space 189. The transparent 
panel 172 is vibrated by a sound transferred from the 
electric-mechanical-acoustic-transducer 422 to the 
space 1 89 via the sound hole 288. The transparent pan- 
el 1 72 has an area larger than the area of the diaphragm 
45. The display panel 421 may be a liquid crystal display. 
The transparent panel 172 is formed of PET, glass, an 
acrylic resin or other materials transmissive with respect 
to visible light. The electric-mechanical-acoustic-trans- 
ducer 422 is rectangular. 

[0228] The electric-mechanical-acoustic-transducer 
422 is a modification example of the electric-mechani- 
cal-acoustic-transducer 22 shown in Figure 2. The elec- 
tric-mechanical-acoustic-transducer 422 includes a 
housing 186. In this example, the diaphragm 45 is rec- 
tangular In Figure 26, the shorter side of the diaphragm 
45 is shown. The housing 186 covers atop surface and 
side surfaces of the diaphragm 45 and forms an empty 
space 187. The housing 186 has a slit opening 188. The 
opening 188 is communicated with the sound hole 288 
of the housing 173. 

[0229] The speaker system 1900 operates in sub- 
stantially the same manner as the speaker system 1 000 
described in the first example including the electric-me- 
chanical-acoustic-transducer 22. Specifically, a sound 
which is output from the diaphragm 45 of the electric- 
mechanical-acoustic-transducer 422 is transferred to 
the space 189 via the empty space 187, the opening 
1 88 and the sound hole 288. The transparent panel 1 72 
is vibrated by the pressure of the sound transferred to 
the space 189 so as to generate a sound. The speaker 
system 1900 may further include an electric-mechani- 
cal-acoustic-transducer 522. The electric-mechanical- 
acoustic-transducer 522 Includes substantially the 
same components as those of the electric-mechanical- 
acoustic-transducer 422. When including the electric- 
mechanical-acoustlc-transducer 522, the speaker sys- 
tem 1900 operates in substantially the same manner as 
the speaker system 1400 described in the fourth exam- 
ple. The speaker system 1900 can provide a stereo re- 
production. 

[0230] The opening 188 of the housing 186 extends 
in a direction vertical to a direction in which the dia- 
phragm 45 vibrates. The sound hole 288 of the housing 

173, which Is In communication with the opening 188, Is 
formed in a direction parallel to a direction in which dis- 



play panel 421 extends. Owing to such a structure, the 
electric-mechanical-acoustic-transducer 422 can be 
provided on the same plane as, and adjacent to, the dis- 
play panel 421, which can provide the speaker system 
1900 with a decreased thickness. The sound output 
from the diaphragm 45 of the electric-mechanical- 
acoustic-transducer 422 is transferred parallel to the 
display panel 421. The electric-mechanical-acoustic- 
transducer 522 can also be provided in the same plane 
as, and adjacent to, the display panel 421. Therefore, 
when including the electric-mechanical-acoustic-trans- 
ducer 522, the speaker system 1900 can be also thin. 
[0231] The transparent panel 172 is provided such 
that an image displayed in the display panel 421 is 
viewed through the display panel 421 . Therefore, in the 
personal computer 2600, the position at which an image 
is displayed to the user is the same as the position from 
which a sound is output to the user 
[0232] A speaker system according to the present in- 
vention is easily applicable to an electronic device in- 
cluding a display panel, for example, a TV, a game ma- 
chine, or a car navigation system. The transparent panel 
may act only as a diaphragm for outputting a sound, or 
may act both as a diaphragm and a touch panel. 
[0233] In the case where the electric-mechanical- 
acoustic-transducer has a function of a mechanical vi- 
bration function as well as an acoustic signal reproduc- 
tion function, the two functions can be separately used 
for specific purposes. 

[0234] The present invention provides a speaker sys- 
tem including a transparent panel provided such that an 
image displayed in a display panel is viewed through the 
transparent panel. The transparent panel can be vibrat- 
ed. Owing to such a structure, the position at which the 
image is displayed to the user can be the same as the 
position from which a sound is output to the user. 
[0235] According to the present invention, a sound 
output from a diaphragm having a smaller area is trans- 
ferred to a space, and a transparent panel having a larg- 
er area is vibrated by the sound transferred to the space. 
Owing to such a structure, even when the transparent 
panel is relatively heavy, the transparent panel can be 
vibrated and a sound having a sufficient volume can be 
output by a small force which is sufficient to vibrate a 
diaphragm. 

[0236] According to the present invention, a substrate 
is provided between the display panel and the transpar- 
ent panel. Since the substrate protects the display panel 
against external Impacts, the transparent panel can be 
formed to be thinner, which improves the acoustic char- 
acteristics of the transparent panel. 
[0237] According to the present invention, an acoustic 
pipe is provided as an acoustic signal transfer member 
fortransfen^ing asound output from an electric-mechan- 
ical-acoustic-transducer to the space. Owing to such a 
structure, the freedom of locating the speaker system in 
an electronic device or a mobile terminal device includ- 
ing the speaker is increased. Since it is not necessary 
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that the electric-mechanical-acoustic-transducer be 
provided adjacent to the display panel, the space in 
which the display panel can be provided can be en- 
larged, which increases the size of the display panel. 
[0238] In the case where a speaker system according 
to the present invention is mounted on a mobile terminal 
device (for example, a cellular phone), the transparent 
panel can operate as a diaphragm of a receiver for re- 
producing a received sound. Since the received sound 
is reproduced from the entire surface of the transparent 
panel, the user can hear the received sound wherever 
the user's ear may be located on the transparent panel 
having a relatively large area. This eliminates the ne- 
cessity of putting the position of the user* s ear at one 
particular position of the transparent panel. The user's 
ear is never deviated from the sound source. Such a 
mobile terminal device allows especially an aged user 
to easily hear the received sound. When the level of the 
electric signal applied to the speaker system is raised, 
the speaker system acts as a loudspeaker for outputting 
a sound having a large volume even when separated 
from the main body of the mobile terminal device. In this 
case, the user can use the mobile terminal device as a 
video phone, by which the user can perform a dialog 
with a person on the other end while viewing an image 
on a screen. Since the position at which the image is 
displayed to the user is the same as the position from 
which the sound is output to the user, a realistic sound 
reproduction is provided. Such a mobile terminal device 
is optimum for simultaneously reproducing a sound and 
an image. 

[0239] In the case where the speaker system accord- 
ing to the present invention includes a plurality of elec- 
tric-mechanical-acoustic-transducers, multiple channel 
reproduction, for example, a stereo reproduction, is re- 
alized. 

[0240] In the case where the electric-mechanical- 
acoustic-transducer has a mechanical vibration function 
as well as an acoustic signal reproduction function, the 
speaker system can simultaneously perform the two 
functions of acoustic signal reproduction and mechani- 
cal vibration. 

[0241] In an electric device including a touch panel, 
the touch panel can also be used as a transparent panel 
of the speaker system according to the present inven- 
tion. In this case, the speaker system according to the 
present invention can be easily produced. 
[0242] Various other modifications will be apparent to 
and can be readily made by those skilled in the art with- 
out departing from the scope and spirit of this invention. 
Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 
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Claims 

1 . A speaker system, comprising: 

a display panel for displaying an image; 
a transparent panel provided such that the im- 
age displayed in the display panel is viewed 
through the transparent panel; 
an electric-mechanical-acoustic-transducer 
having a diaphragm for outputting a sound by 
vibrating the diaphragm in accordance with an 
electric signal; and 

an acoustic signal transfer member for trans- 
ferring the sound output from the electric-me- 
chanical-acoustic-transducer to a space pro- 
vided between the display panel and the trans- 
parent panel, 

wherein the transparent panel is allowed to be 
vibrated by the sound transferred to the space from 
the electric-mechanical -acoustic-transducer via the 
acoustic signal transfer member. 

2. A speaker system according to claim 1 , wherein: 

the acoustic signal transfer member is a hous- 
ing for supporting the transparent panel, 
the housing has a sound hole, and 
the sound is transferred to the space via the 
sound hole. 

3. A speaker system according to claim 1 , further com- 
prising an elastic member for supporting a periph- 
eral portion of the transparent panel. 

4. A speaker system according to claim 1 , wherein the 
acoustic signal transfer member is an acoustic pipe. 



5. A speaker system according to claim 1 , wherein a 
40 thickness of a peripheral portion of the transparent 

panel is smaller than a thickness of a central portion 
of the transparent panel. 

6. A speaker system according to claim 1, wherein the 
45 transparent panel is a film 

7. A speaker system according to claim 1 , wherein the 
electric-mechanical-acoustic-transducer includes a 
mechanical vibration section for generating a me- 

50 chanical vibration. 

8. A speaker system according to claim 1 , comprising: 

at least one more electric-mechanical-acous- 

55 tic-transducer; and 

at least one more acoustic signal transfer mem- 
ber, 
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wherein: 

the electric-mechanical-acoustic-transducers 
each include a diaphragm and each output a 
sound by vibrating the diaphragm in accord- 5 
ance with an eiectric signal, 
the acoustic signal transfer members each 
transfer the sound output from the respective 
eleotric-mechanicai-acoustic-transducer to the 
space, and 

the acoustic signal transfer members are con- 
nected to the space at different positions. 

9. A speaker system according to claim 1 , wherein: 

the acoustic signal transfer member has a 
sound hole for transferring the sound, and 

the sound hole extends in a direction parallel to 
a direction in which the display panel extends. 

10. A speaker system according to claim 1 , wherein: 

the electric-mechanical-acoustic-transducer 
includes a housing for surrounding the dia- 
phragm, 

the housing has an opening extending in a di- 
rection vertical to a direction in which the dia- 
phragm vibrates, and 

the opening is in connection with the acoustic 
signal transfer member. 

11 . A mobile terminal device, comprising: 

a speaker system; and 

a housing for supporting the speaker system, 

wherein the speaker system includes a dis- 
play panel for displaying an image; a transparent 
panel provided such that the image displayed in the 
display panel is viewed through the transparent 
panel; an electric-mechanical-acoustic-transducer 
having a diaphragm for outputting a sound by vibrat- 
ing the diaphragm in accordance with an electric 
signal; and an acoustic signal transfer member for 
transferring the sound output from the electric-me- 
chanical-acoustic-transducer to a space provided 
between the display panel and the transparent pan- 
el, wherein the transparent panel is allowed to be 
vibrated by the sound transferred to the space from 
the electric-mechanical-acoustic-transducer via the 
acoustic signal transfer member, 

the mobile terminal device further comprising: 

an antenna for receiving a wireless signal; and 
a signal output section for outputting an electric 
signal to the electric-mechanical-acoustic- 
transducer based on the wireless signal re- 
ceived by the antenna, 



wherein the electric signal represents at least 
one of a received sound, a call arrival sound, music 
and voice. 

12. A mobile terminal device according to claim 11, 
wherein when the electric signal represents the re- 
ceived sound, the transparent panel acts as a re- 
ceiver. 

13. Amobile terminal device according to claim 11, 
wherein when the electric signal represents one of 
the call arrival sound, the music and the voice, the 
transparent panel acts as a loudspeaker. 

14. A mobile terminal device according to claim 11, 
wherein: 

the electric-mechanical-acoustic-transducer 
includes one more diaphragm, 

the housing has a sound hole, 

one of the diaphragms is provided so as to face 
the acoustic signal transfer member, and 

the other diaphragm is provided so as to face 
the sound hole. 

15. An electronic device, comprising: 

a speaker system; and 

a housing for supporting the speaker system, 

wherein the speaker system includes a dis- 
play panel for displaying an image; a transparent 
panel provided such that the image displayed in the 
display panel is viewed through the transparent 
panel; an electric-mechanical-acoustic-transducer 
having a diaphragm for outputting a sound by vibrat- 
ing the diaphragm in accordance with an electric 
signal; and an acoustic signal transfer member for 
transferring the sound output from the electric-me- 
chanical-acoustic-transducer to a space provided 
between the display panel and the transparent pan- 
el, wherein the transparent panel is allowed to be 
vibrated by the sound transferred to the space from 
the electric-mechanical-acoustic-transducerviathe 
acoustic signal transfer member. 

16. An electronic device according to claim 15, further 
comprising a control section for controlling an oper- 
ation of the electronic device, 

wherein: 

the transparent panel also acts as a touch panel 
for detecting a contact of a contact member with 
a position of the transparent panel correspond- 
ing to an operation menu icon displayed in the 
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display panel, and 

the control section causes the electronic device 
to operate in accordance with the operation 
menu Icon corresponding to the position of the 
transparent panel which is in contact with the s 
contact member. 

17. An electronic device according to claim 16, wherein 
the touch panel is one of an electrostatic system 

touch panel, an optical system touch panel, an elec- io 
tromagnetic system touch panel, and an ultrasonic 
system touch panel. 

18. A speaker system, comprising: 

15 

a display panel for displaying an image; 
a transparent panel provided such that the im- 
age displayed in the display panel Is viewed 
through the transparent panel; 
a substrate provided between the display panel 20 
and the transparent panel such that the image 
is viewed through the substrate; 
an electric-mechanical-acoustic-transducer 
having a diaphragm for outputting a sound by 
vibrating the diaphragm in accordance with an 25 
electric signal; and 

an acoustic signal transfer member for trans- 
ferring the sound output from the electric-me- 
chanical-acoustic-transducer to a space pro- 
vided between the transparent panel and the 30 
substrate, 

wherein the transparent panel Is allowed to be 
vibrated by the sound transferred to the space from 
the electric-mechanical-acoustic-transducer via the 35 
acoustic signal transfer member. 

19. A speaker system according to claim 18, wherein: 

the substrate has a sound hole, and 40 
the substrate acts as the acoustic signal trans- 
fer member. 

20. A speaker system according to claim 18, wherein 

the space is provided among a spacer, for connect- 45 
ing a peripheral portion of the transparent panel and 
a peripheral portion of the substrate, the transpar- 
ent panel and the substrate, 

21. A speaker system according to claim 18, wherein 50 

the transparent panel is a film. 

22. A speaker system according to claim 18, wherein 
the acoustic signal transfer member Is an acoustic 
pipe. 55 

23. A speaker system according to claim 18, compris- 
ing: 



at least one more electrlc-mechanlcal-acous- 

tic-transducer; and 

at least one more acoustic signal transfer mem- 
ber, 

wherein: 

the electric-mechanical-acoustic-transducers 
each include a diaphragm and each output a 
sound by vibrating the diaphragm in accord- 
ance with an electric signal, 
the acoustic signal transfer members each 
transfer the sound output from the respective 
electric-mechanical-acoustic-transducer to the 
space, and 

the acoustic signal transfer members are con- 
nected to the space at different positions. 

24. A mobile terminal device, comprising: 

a speaker system; and 

a housing for supporting the speaker system, 

wherein the speaker system includes a dis- 
play panel for displaying an image; a transparent 
panel provided such thatthe image displayed in the 
display panel is viewed through the transparent 
panel; a substrate provided between the display 
panel and the transparent panel such that the image 
Is viewed through the substrate; an electric-me- 
chanical-acoustic-transducer having a diaphragm 
for outputting a sound by vibrating the diaphragm in 
accordance with an electric signal; and an acoustic 
signal transfer member for transferring the sound 
output from the electric-mechanical-acoustic-trans- 
ducer to a space provided between the transparent 
panel and the substrate, wherein the transparent 
panel Is allowed to be vibrated by the sound trans- 
ferred to the space from the electric-mechanical- 
acoustic-transducer via the acoustic signal transfer 
member, the mobile terminal device further com- 
prising: 

an antenna for receiving a wireless signal; and 
a signal output section for outputting an electric 
signal to the electric-mechanical-acoustic- 
transducer based on the wireless signal re- 
ceived by the antenna, 

wherein the electric signal represents at least 
one of a received sound, a call arrival sound, music 
and voice. 

25. A mobile terminal device according to claim 24, 

wherein when the electric signal represents the re- 
ceived sound, the transparent panel acts as a re- 
ceiver. 
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26. A mobile terminal device according to claim 24, 

wherein when the electric signal represents one of 
the call arrival sound, the music and the voice, the 
transparent panel acts as a loudspeaker. 

5 

27. A mobile terminal device according to claim 24, 
wherein: 

the electric-mechanical-acoustic-transducer 

has one more diaphragm, io 

the housing has a sound hole, 

one of the diaphragms is provided so as to face 

the acoustic signal transfer member, and 

the other diaphragm is provided so as to face 

the sound hole. ^5 

28. An electronic device, comprising: 



a speaker system; and 

a housing for supporting the speaker system. 



29. An electronic device according to claim 28, further 

comprising a control section for controlling an oper- 
ation of the electronic device, 
wherein: 



20 



wherein the speaker system includes a dis- 
play panel for displaying an image; a transparent 
panel provided such that the image displayed in the 
display panel is viewed through the transparent 25 
panel; a substrate provided between the display 
panel and thetransparent panel suchthatthe image 
is viewed through the substrate; an electric-me- 
chanical-acoustic-transducer having a diaphragm 
for outputting a sound by vibrating the diaphragm in 30 
accordance with an electric signal; and an acoustic 
signal transfer member for transferring the sound 
output from the electric-mechanical-acoustic-trans- 
ducer to a space provided between the transparent 
panel and the substrate, wherein the transparent 55 
panel is allowed to be vibrated by the sound trans- 
ferred to the space from the electric-mechanical- 
acoustic-transducer via the acoustic signal transfer 
member. 
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45 



thetransparent panel also acts as a touch panel 
ford etecti n g a co ntact of a co n tact m emb er wit h 
a position of the transparent panel correspond- 
ing to an operation menu icon displayed in the 
display panel, and 50 
the control section causes the electronic device 
to operate in accordance with the operation 
menu icon corresponding to the position of the 
transparent panel which is in contact with the 
contact member. 55 

30. An electronic device according to claim 29, further 
comprising: 



a first transparent electrode having an electric 

resistance and provided on a surface of the 
transparent panel facing the substrate; and 
a second transparent electrode having an elec- 
tric resistance and provided on a surface of the 
substrate facing the transparent panel. 

31. An electronic device, comprising: 

a speaker system; and 

a housing for supporting the speaker system, 

wherein: 

the speaker system includes a panel; an elec- 
tric-mechanical-acoustic-transducer having a 
diaphragm for outputting a sound by vibrating 
the diaphragm in accordance with an electric 
signal; and an acoustic signal transfer member 
for transferring the sound output from the elec- 
tric-mechanical -acoustic-transducer to a space 
provided between the panel and the housing, 
and 

the panel is allowed to be vibrated by the sound 
transfen^ed to the space from the electric-me- 
chanical-acoustic-transducer via the acoustic 
signal transfer member, 
the electronic device further includes a control 
section for controlling an operation of the elec- 
tronic device, 

the panel also acts as a touch panel for detect- 
ing a contact of a contact member with a posi- 
tion of the panel corresponding to an item of an 
operation menu provided on the panel, and 
the control section causes the electronic device 
to operate in accordance with the item of the 
operation menu corresponding to the position 
of the panel which is in contact with the contact 
member. 

32. An electronic device, comprising: 

a speaker system; and 

a housing for supporting the speaker system, 

wherein: 

the speaker system includes a panel; a sub- 
strate provided so as to face the panel; an elec- 
tric-mechanical-acoustic-transducer having a 
diaphragm for outputting a sound by vibrating 
the diaphragm in accordance with an electric 
signal; and an acoustic signal transfer member 
for transferring the sound output from the elec- 
tric-mechanical-acoustic-transducerto a space 
provided between the panel and the substrate, 
and 

the panel is allowed to be vibrated by the sound 
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transferred to the space from the electric-me- 
chanical-acoustic-transducer via the acoustic 
signal transfer nnennber, 
the electronic device further includes a control 
section for controlling an operation of the elec- 
tronic device, 

the panel also acts as a touch panel for detect- 
ing a contact of a contact mennber with a posi- 
tion of the panel corresponding to an Item of an 
operation menu provided on the panel, and 
the control section causes the electronic device 
to operate in accordance with the item of the 
operation menu corresponding to the position 
of the panel which is in contact with the contact 
member. 

33. A speaker system according to claim 8, wherein: 

the electric signal represents at least one of a 
received sound, a call arrival sound, and audio 
information for a plurality of channels, 
when the electric signal represents at least one 
of the received sound and the call arrival sound, 
the electric signal is input to the electric-me- 
chanical-acoustic-transducers, and 
when the electric signal represents the audio 
information for the plurality of channels, an 
electric signal representing audio information 
for each of the plurality of channels is input to 
the respective electrlc-mechanical-acoustlc- 
transducer. 

34. A mobile terminal device according to claim 11, 
wherein: 

the speaker system includes: 

at least one more electric-mechanical- 
acoustic-transducer, and 
at least one more acoustic signal transfer 
member, and 

the electric-mechanical-acoustic-trans- 
ducers each include a diaphragm and each 
output a sound by vibrating the diaphragm 
in accordance with an electric signal, 
the acoustic signal transfer members each 
transfer the sound output from the respec- 
tive electric-mechanical-acoustic-trans- 
ducer to the space, 

the acoustic signal transfer members are 
connected to the space at different posi- 
tions, 

when the electric signal represents at least 
one of the received sound and the call ar- 
rival sound, the electric signal is input to the 
electric-mechanical-acoustic-transduc- 
ers, and 

when the electric signal represents the au- 



dio information for the plurality of channels, 
an electric signal representing audio infor- 
mation for each of the plurality of channels 
is input to the respective electric-mechan- 
5 ical-acoustic-transducer. 

35. A speaker system according to claim 23, wherein: 

the electric signal represents at least one of a 
received sound, a call arrival sound, and audio 
information for a plurality of channels, 
when the electric signal represents at least one 
of the received sound and the call arrival sound, 
the electric signal is input to the electric-me- 
chanical-acoustic-transducers, and 
when the electric signal represents the audio 
information for the plurality of channels, an 
electric signal representing audio information 
for each of the plurality of channels is input to 
a respective one of the electric-mechanical- 
acoustic-transducers. 
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